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CHAPTER 1 
INTRODUCTION 
1.1 Motivation 
Ingestion of naturally occurring arsenic in the groundwaters of Bangladesh has been 
described as “the worst mass poisoning of a human population in history” (1). The affected 
population of Bangladesh, consisting of approximately 35 million people (2, 3), is at an 
increased risk of developing debilitating illnesses, including cancers, cardiovascular disease, and 
skin lesions (4, 5, 6).  
In this region, where agriculture accounts for approximately 22% of Bangladesh’s GDP 
and employs about 2/3 of the country’s workforce, arsenic-laden groundwaters are used 
extensively for both direct consumption and irrigation (7). In 2001, arsenic-rich groundwaters 
were used on over 75% of the total irrigated land area, introducing 1,360 tons of arsenic into 
paddy soils each year (9). This addition has been shown to cause proportional increases of 
arsenic in soils (10-14) as well as uptake by crops (11, 15-17), resulting in potential land 
degradation (18). Consequently, yield is decreased (19-21), with an increase in dietary exposure 
to arsenic (22-24). When combined with the ingestion of arsenic found in drinking water, the 
intake of contaminated rice could result in levels 2-3 times higher than the provisional maximum 
tolerable daily intake (21). Considering net cultivation includes 54% of total land area (25) and 
that the crop accounts for an estimated 73% of Bangladeshis’ calorie intake, the importance of 
this exposure could be considerable (26).  
Another severe problem limiting food production is salinity. Bangladesh is a low-
elevation, tidally-influenced nation. Approximately 30% of the cultivable land (or 1.51 Mha) is 
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in coastal areas where saline ground and surface waters are pervasive problems, particularly 
during the dry season (28). Consumption of saline water has been shown to cause pre-eclampsia 
and gestational hypertension in women and, in Bangladesh, the rates of such occurrences are 
higher in coastal residents (29). Additionally, crop production is significantly decreased in areas 
where irrigation water salinity, as measured by specific conductivity, is 4 dS/m or above (15). 
Such values are regularly recorded in Bangladesh (31, 32), and increases in annual, dry season, 
and wet season soil salinity have intensified this issue (32). 
Combined with a projected population increase of 38% over the coming three decades, 
the antagonistic effects of arsenic and salinity on human health and food production become 
even more compelling (33). Currently, the average daily per capita calorie intake in Bangladesh 
is nearly 400 kcal below the desired level, prompting the Government of Bangladesh to declare 
food security a major development objective (7). Although rice and wheat production increased 
from 11.5 million tons in the mid-1970s to 27 million tons in 2002-2003 (7), the presence of 
arsenic and salinity in irrigation water (18, 34) may serve to alter this trajectory in the future.   
Due to population growth causing increased withdrawal of ground and surface waters for 
both drinking and irrigation, it has become imperative to maximize food production and 
minimize the negative health effects of high water salinity and arsenic content. Understanding 
the dynamics of salt and arsenic movement in soil – and subsequent uptake by rice – as affected 
by irrigation waters is a prerequisite for devising appropriate management strategies to 
ameliorate degradation and ensure the sustainability of coastal populations in Bangladesh.  
 Currently, a detailed comparison of the levels of arsenic and salinity in soils irrigated by 
different sources is lacking in Bangladesh. Additionally, there are no established guidelines for 
arsenic concentrations in soil, even though rice contributes 110% of the maximum tolerable daily 
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intake of As to Bangladeshis’ diets (23). This study seeks to fill this void and contribute to the 
knowledge base necessary to quantify hazardous levels of arsenic in soils.  
1.2 Background 
1.2.1 Geologic Setting 
 India borders Bangladesh to the North, East, and West, and the Southern coast is bounded 
by the Bay of Bengal (Figure 1; 37). Much of the country occupies the Bengal Basin, with the 
Main Boundary Thrust and foothills of the Himalayas along the Northern border, the Shillong 
Plateau adjacent to the Northeast quadrant, the Indo-Burman Ranges along the Eastern border, 
and the Indian Craton to the West (Figure 1). Lying at the intersection of the Indian Plate, 
Eurasian Plate, and the Burma Plate, the region is tectonically active.   
Fed by the Himalayas, the Ganges, Brahmaputra, and Meghna rivers flow south to the 
Bay of Bengal, creating the Ganges Delta – the largest delta in the world. The delta system has a 
volume of 0.54 * 106 km3 (38) and covers more than 105,000 km2, approximately two thirds of 
which lies in Bangladesh (39). The Bengal Foredeep, approximately 450 km wide in Southern 
Bangladesh and narrowing toward the northeast, exhibits far thicker sediment accumulation than 
the rest of the Bengal Basin (41). Tidal deltaic deposits define the surficial geology that 
dominates southwest Bangladesh, and subsidence and tectonic activity can explain upper silt and 
clay thicknesses of up to approximately 20 to 30 meters (Figure 2, 42, 43). As detailed by (75), 
there are three main soil horizons, as follows: (1) topsoil, the layer most affected by cultivation 
and the addition of organic matter; (2) subsoil, the layer below the topsoil that is less altered 
from its original condition; and (3) substratum, the unaltered alluvium from which the above soil 
derives.  
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The main processes that form soil in Bangladesh are homogenization, oxidation of iron 
compounds, accumulation of organic matter, and the leaching of lime from calcareous top soils. 
Homogenization occurs as a result of biological activity – such as bioturbation and mechanical 
weathering by plant roots – which disintegrates parent material. Oxidation of iron in aerobic 
conditions produces rust colored soils, whereas the reduction of iron when soil is saturated and 
anaerobic produces grey colored soils. As Bangladesh has distinct dry and wet seasons, soils tend 
to be exposed to both oxidizing and reducing conditions over the course of the year, respectively. 
In this case, both grey and rust colored soils may occur in small patches, called mottles. The 
accumulation of organic matter, often due to cultivation, tends to darken the color of top soils 
(75). Although this is the general case in Bangladesh, previous work in the coastal SW region 
(36) found that soils are mainly entisols, lacking the horizons discussed above. As soil horizons 
take time to form, this indicates that these sediments were deposited recently and remain 
relatively unaltered. In this study, soils were low in carbon and mostly comprised of silt-sized 
particles.  
Contrary to popular belief, the fertility of Bangladesh’s soils does not depend on the 
consistent addition of silt and alluvium in floodwater. Instead, seasonal rainwater inundation 
causes nutrients and minerals to be released into top soil by the alternate reduction and oxidation 
of iron in the wet and dry seasons, respectively. These nutrients are supplemented by the 
decomposition of organic matter derived from plant matter. Although coastal Bangladesh 
sediments were originally deposited by tidal channels, the annual addition of neutral to alkaline 
alluvium limits the weathering of these minerals and nutrients by acid hydrolysis (75). 
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Figure 1.  Structural geology of Bangladesh, with research area highlighted in red box (37) 
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Figure 2.  Surficial geology of Bangladesh, with research area highlighted in white box (43)  
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1.2.2 Climate 
 Straddling the Tropic of Cancer, Bangladesh has a tropical, bi-seasonal climate (Figure 
3). Rainfall exhibits strong seasonality, with 80% occurring during the monsoon from June to 
September (30). Bangladesh contains at least a portion of over 200 rivers (64). Depending upon 
tidal conditions and freshwater flow from the Ganges, Brahmaputra, and Meghna (GBM) rivers, 
variation in tide levels may cause sea water to travel many tens of kilometers inland (65). 
Because of this, approximately 30% of land surface is flooded by high precipitation during the 
summer monsoon (42). Bangladesh’s high percentage of low-lying land area makes the country 
particularly vulnerable to tropical cyclones that form over the North Indian Ocean (44). On 
average, the country is struck by a severe cyclone every three years (45).   
 On May 25, 2009, Cyclone Aila made landfall over Bangladesh, causing 275 fatalities 
and displacing millions of people (46).  Overflowing rivers broke through over 1,742 km of 
embankments (47), causing widespread inland flooding that inundated rice paddies and persisted 
until February 2011. Long-term tidal inundation may have caused an increase in soil salinity, 
further decreasing agricultural productivity. Climate change is likely to intensity this issue as a 
result of rising sea level and increased rainfall. Additionally, a warmer ocean is expected to 
increase cyclone activity and cause storm surges to move further inland, affecting a greater 
population (27). Low elevations further increase the country’s vulnerability to these issues and 
make protection and mitigation particularly difficult (66). 
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Figure 3.  Field photos taken in: (a) and (b) Dry season, May 2016. (c) and (d) Wet season, November 
2016. 
 
1.2.3 Arsenic in Groundwater and Groundwater Sediment 
The high levels of arsenic (As) in groundwater sediments in Bangladesh are of geogenic 
origin (22). The host sediments in aquifers, having been transported by tidal channels, release As 
into groundwaters through the process of reductive dissolution of iron(hydr)oxides (22). A report 
by (22) describes that organic materials are the catalyst of this process. Lower concentrations of 
arsenic are generally found in deeper Pleistocene sediments (6), which have been weathered, 
oxidized, and well flushed during the lowstand of sea level (48). Higher concentrations of arsenic 
are generally found in shallow, young (ca. Holocene) aquifers (6) that experience active 
reduction of sediments and slow  
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groundwater transport (48). Complex lithological structures, which include highly 
permeable channel fills as well as very low-permeability organic-rich overbank deposits, create 
small-scale heterogeneity with high arsenic concentrations being found within tens of meters of 
low concentrations (49).  
1.2.4 Arsenic in Soil and Mobilization 
 Evidence suggests that FeOOH is the dominant host of labile arsenic in sediments due to 
the adsorption of As (6), with redox chemistry acting as the most important factor affecting As 
mobility. Under aerobic conditions, FeOOH serves as a sink for arsenic whereas, in anaerobic 
conditions, the compound dissolves and As is mobilized (8).  
 This implies that, during the dry season, FeOOH sorbs arsenic in soils, potentially 
causing a pattern of higher As concentrations in irrigation water in comparison to soil water, with 
the opposite occurring during the wet season, assuming that long-term inundation leads to 
waterlogging and the development of anaerobic conditions in the wet season. Crops can, 
therefore, be exposed to much higher arsenic concentrations in the wet season than would be 
expected based on the concentrations of the applied irrigation water (50, 51). A recent study (36) 
in southwestern Bangladesh corroborates these results. However, a competing mechanism for 
arsenic solubility is the oxidation of arsenopyrite by the electron acceptors oxygen and/or nitrate, 
which are not present in anaerobic conditions. In this case, bioavailable arsenic concentrations 
would be higher during the dry season. Irrigation source (tube well versus tidal channel) in the 
aforementioned studies (36, 50, 51) was not taken into consideration.  
 As reported by (52), (14), and (53), slow water flow in fields causes the formation and 
settling of As-bearing FeOOH colloids and the adsorption of As to minerals in the soil. These 
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processes work to create decreasing patterns of arsenic concentrations with distance from the 
source of irrigation. However, no spatial trends were observed by (36).  
1.2.5 Arsenic Accumulation in Soil and Rice 
 Higher soil arsenic concentrations occur in the cropping seasons compared to the fallow 
seasons (14, 21), suggesting addition of arsenic from irrigation water (11-14, 19) and, as noted 
by (21) and (35), these concentrations increase over time. The same studies observed elevated 
soil arsenic concentrations resulting from the long-term addition of arsenic via groundwater 
irrigation, and (11) reported increasing As concentrations of 1 ppm per annum. In the areas 
irrigated by contaminated water for the longest amount of time, arsenic concentrations in soil 
reached concentrations of 46 µg/g. Significant differences in arsenic concentration are detected 
between soil types, with soil arsenic being correlated with clay-sized soil content (54, 55).  
 As demonstrated by (19), the arsenic content of rice significantly increased following the 
application of As-rich irrigation water the previous season. High As in rice is associated with 
high As irrigation water (19, 24) and soil (50), as well as sand-dominated lithologies, which are 
shown to be five-fold more toxic than clay due to increased mobility of arsenic (55). Decreasing 
yields are known to result from this mobility, as it allows the uptake of arsenic by rice (15, 16, 
19, 20). However, a study by (12) disputes these claims, maintaining that there is no evidence of 
a proportional transfer of arsenic to rice grains. 
1.2.6 Salinity 
Salinization of coastal soils exhibits seasonal variation, with salt concentrations 
significantly higher during the dry season. This trend can be attributed to evaporative 
concentration and precipitation of salts caused by higher temperatures and less rainfall (36). 
Additionally, capillary rise from shallow groundwater aquifers is shown to cause salt 
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accumulation (67). This process can result in a nearly continual supply of salts to the root zone 
when rainfall is unavailable to flush soils (68). Soil salinity is also demonstrated to further 
increase upon irrigation with saline water (57), and as a result of tidal flooding (29). (57) notes a 
lack of spatial trends.  
Projections by (65) show that irrigated agricultural productivity in select districts is likely 
to fall 25% by 2050 due to salinization, and that some regions will experience dry season crop 
yield reductions of 50%. A study by (22) corroborates these results, asserting that widespread 
increases in soil salinity can cause dry season crop yield reductions of 50% or greater (22). 
Salinities of  20 ppt are expected in regions that are currently experiencing severe salinity, 
significantly restricting dry season agriculture (65). Higher temperatures due to climate change 
are expected to cause a higher irrigation demand, rising sea level and an associated increase in 
saltwater intrusion (28), changes in rainfall patterns, and/or shifts in the seasons. A decrease in 
freshwater discharge from the GBM rivers is also likely to cause the salinity front to shift inland, 
affecting a greater population (22, 65, Figure 4).  
This increase in soil salinity is responsible for the low land use and cropping intensity 
seen in Bengal, particularly during the dry season (60). According to (2), genetic modification of 
more salt tolerant varieties of rice is reaching its capacity, which leaves soil salinity as a limiting 
factor in increasing crop yield. The result of this progression is the adoption of brackish water 
shrimp cultivation (31), which may cause further salinization (28), though this isn’t observed by 
(63). Dry season cropping, however, has been shown to decrease topsoil salinity, even when 
using slightly saline (2 dS/m) water. The canopies and rooting systems of crops further lower 
salinity by aiding in reduced evaporation, while rainwater flushes salts in both cropped and 
fallow lands (59). 
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Figure 4.  Isohalines of river water salinity in Bangladesh for 2012 and future scenarios (2050 B1 and 
2050 A2). Results for B1 are based on a relatively benign greenhouse gas scenario, and A2 represents a 
more aggressive and extreme scenario. Isohalines are interpolated between rivers. Based on data 
presented in Dasgupta et al., (2014). Analysis completed by (31). 
 
1.3 Objectives 
The objectives of the research being described are to quantify the effects of tidal channel 
and groundwater irrigation on soil salinity and arsenic contents, as well as to investigate 
temporal and seasonal trends.  
The research questions to be explored in this study are as follows: 
● How do soil and water chemistry vary based on irrigation practices (e.g. tidal channel or 
ground water irrigation) and land use? 
 
• How do arsenic and salinity concentrations vary by sample type and season? 
• How do arsenic and salinity concentrations vary spatially? 
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CHAPTER 2 
METHODOLOGY 
2.1 Field Methods 
2.1.1 Sampling 
Soil and water samples were collected in coastal Southwest Bangladesh (Figure 5) in 
May and November 2016 to describe spatial variation and seasonal change. Soil sample types 
collected were: rice paddy soil, tidal channel sediment, and shrimp pond soil (if applicable), 
while water samples were taken from: tidal channels, rice paddies, shrimp ponds (if applicable), 
rain water, and tube wells. Rice paddy soil samples were collected from the uppermost 15 
centimeters to represent the cultivated topsoil, or ‘root zone’ (60). Tidal channel and shrimp 
pond soil samples were collected from as close to the middle of the channel or pond as possible. 
All water samples were collected from the middle of the water column, except for some cases in 
which samples were collected from the bottom and top of a shrimp pond to assess whether or not 
it was stratified. In a selection of sites, soil samples were collected in transects in each rice paddy 
from the relevant well or tidal channel water source.  
The Procheck Sensor Read-out and Storage System with the GS3 Ruggedized Soil 
Moisture, Temperature, & Electrical Conductivity Sensor was used to take soil measurements in 
situ (Appendix, Table 12), and a Hach HydroLab DS5 Sonde was used to measure water 
temperature, pH, redox potential Eh, dissolved oxygen (DO), and conductivity/salinity in situ 
(Appendix, Table 7). Sample locations were recorded using a Trimble GeoXT 6000, with a 
horizontal accuracy of 50 cm. Collected soil and water samples were analyzed using the methods 
below.  
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Figure 5.  Map of field sites. Red circles represent only May 2016 sites. Purple circles were added in 
November 2016. 
 
2.1.2 Informal Social Survey 
When possible, farmers were asked the following questions in order to (1) identify 
specific sampling locations and (2) to give samples and impending results context. Questions that 
were asked are as follows: 
● What water source(s) is/are used for irrigation during each season (monsoon, summer, 
and winter)? 
 
● Which crops are grown and in which seasons?  
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● What methods do you use to adapt to an increase in soil/water salinity (e.g. increase 
fertilizer use or switch crops)? 
 
● Do you farm shrimp? If so, brine or fresh water shrimp? During what seasons? 
2.2 Bulk Soil 
2.2.1 Lithium Metaborate Fusion  
After LOI, LiBO2 (lithium metaborate) fusion was completed using the same soil samples 
to measure their bulk composition. 100 mg of soil sample and 600 mg LiBO2 powder was 
weighed using an analytical scale. The sample and lithium metaborate were then mixed in an 
agate mortar under acetone. The agate mortar and pestle was cleaned with DI water between 
samples. The mixture was air dried and transferred using weighing paper to a new graphite 
crucible. The crucible was then placed in a preheated oven for 10 minutes at 1100°C. Upon being 
taken out with thongs, the molten bead that had formed was transferred into preheated 1 molar 
(M) nitric acid (HNO3) and stirred until the solid material was no longer visible (a minimum of 5 
minutes). The sample was taken off the hot plate, cooled, poured into a 50 ml tube, and brought 
to a volume of 50 ml by adding 1 M HNO3. The product was analyzed for metals by ICP-OES 
and ICP-MS (described in detail below).  
2.3 Deionized Water Extracts 
Deionized (DI) water extracts were completed to estimate the concentrations of 
bioavailable components in soil, following (36). First, the soil samples were powdered, 
homogenized, and sieved using a No. 10 sieve. The samples were then dried overnight at 110C. 
Next, 10 grams of soil sample was weighed to the thousandth using an analytical scale and added 
to 50 mL of DI water to form a slurry in a 1:5 (soil:water) ratio. The slurry was stirred for 15 
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minutes, then measured for pH using an Accumet pH meter and specific conductance (SpC) 
using a HANNA Portable Solution Conductivity Measurement Meter.  
The Accumet pH meter was calibrated using pH buffer solutions of pH 2, 10, and 7 in 
that order prior to each session and stored in electrode solution between samples. Between 
samples all electrodes were rinsed using DI water and dried using Kimtech wipes.  
The saturated slurries were then filtered using a vacuum pump, coarse porosity/fast flow 
filter paper, and a vacuum flask and Büchner funnel. The extracts were filtered for a second time 
through a 0.45 μM syringe filter and refrigerated for analysis via the methods described below. 
All equipment was cleaned with DI water between samples. 
2.4 Instrumentation 
2.4.1 Total Organic Carbon (TOC) Analyzer 
 DI extracts and water samples were analyzed for total organic and inorganic carbon on a 
Shimadzu model TOC-V CPH/CPN using ASTM Method D-7573-09. The TOC furnace was run 
at 680 °C and zero air was used as the carrier gas at 150 mL/minute. Five-point calibration 
curves were generated for an analytical range between 5 and 100 parts per million (ppm) and 
accepted with a correlation coefficient of at least 0.995 for both dissolved inorganic carbon 
(DIC) and dissolved organic carbon (DOC). Samples were automatically diluted to within the 
targeted analytical range using Milli-Q water if the maximum calibration was exceeded. A 
volume of approximately 20 mL of undiluted sample was loaded for analysis. An analytical 
blank and check standard at approximately 10 ppm was run every 20 samples and required to be 
within 15% of the specified value. DIC analysis was performed first for the analytical blank and 
standard and then the samples, and DOC analysis was carried out separately thereafter. A gas 
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flow rate of 50 mL/minute was used to purge inorganic carbon prior to DOC analysis, and a pH 
of 2 was achieved by beginning the analysis with the addition of 2 molar (M) hydrochloric acid. 
2.4.2 Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)  
Both soil extracts and water samples were analyzed for aluminum, barium, boron, 
calcium, copper, iron, magnesium, phosphorus, potassium, silicon, sodium, strontium, sulfur and 
zinc using a Varian ICP Model 14720-ES ICP-OES utilizing Environmental Protection Agency 
(EPA) Method 6010B. The instrument was set to a plasma gas flow rate of 15 liters per minute 
(L/min), radio frequency power at 1.2 kilowatts (kW), and nebulizer flow of 0.75 L/min. Five-
point standard curves were used for an analytical range between approximately 0.1 milligrams 
per liter (mg/L) and 25 mg/L for trace metals and approximately 0.1 mg/L and 500 mg/L for 
major elements. Analytical blanks and analytical check standards were run every 20 samples at 
approximately 0.5 mg/L and required to be within 15% of the specified value. Yttrium was used 
as the internal standard at 10 mg/L. If the maximum calibration was exceeded, samples were 
gravimetrically diluted to within the targeted analytical range using 1% volume-volume (v/v) 
Optima grade nitric acid (Fisher Scientific).  
2.4.3 Inductively Coupled Plasma Mass Spectroscopy (ICP-MS)  
Soil extracts and water samples were analyzed for antimony, arsenic, beryllium, 
cadmium, cobalt, chromium, lead molybdenum, nickel, selenium, thallium and vanadium using a 
Perkin Elmer model ELAN DRC II in both standard and dynamic reaction chamber (DRC) 
modes. All analytes were run on standard analysis mode except arsenic and selenium, which 
were run in DRC mode with 0.5 mL/minute of oxygen as a reaction gas. Prior to each analysis, 
seven-point standard curves were used for an analytical range between approximately 0.5 μg/L 
and 250 μg/L. Analytical blanks and check standards were run every 10 to 20 samples at 
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approximately 50 μg/L and required to be within 15% of the specified value. Samples were 
gravimetrically diluted to within the targeted analytical range using 1% v/v Optima grade nitric 
acid (Fisher Scientific) if maximum calibration was exceeded. Initially, analyses for 10:1 
dilutions were performed to minimize total dissolved loading to the instrument. If the calibration 
range was exceeded, dilutions at 100:1 and 1000:1 were subsequently analyzed. For a mass range 
below 150, 50 μL of a 10 mg/L internal standard consisting of indium was added to 10 mL of 
sample aliquot prior to analysis. For a mass range above 150, indium was substituted by bismuth. 
Analyte concentrations measured that are less than the minimum level of quantitation (ML) and 
greater than the method detection limit (MDL) are recorded and reported as am estimated value 
using the instrument response. 
2.4.4 Ion Chromatography (IC)  
Analyses of anions were performed on a Metrohm 881 Compact IC pro employing 
American Society for Testing and Materials (ASTM) Method D-4327-03 for both soil extracts 
and water samples. Seven-point calibration curves were generated by dilution of a multi-anion 
standard at 500x, 200x, 100x, 50x, 10x, 2x, and 1x and were accepted with a correlation 
coefficient of at least 0.995. An analytical blank and check standard was run every 20 samples at 
approximately 10 times the dilution of the standard and required to be within 15% of the 
specified value. A volume of approximately 10 milliliters (mL) of undiluted sample was loaded 
for analysis and run at 0.7 mL/minute using an eluent of 3.2 millimoles (mmol) sodium 
carbonate per 1.0 mmol sodium bicarbonate. Samples were diluted automatically to within the 
targeted analytical range using Milli-Q water if the maximum calibration was exceeded. 
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CHAPTER 3 
RESULTS 
3.1 Quality Testing 
3.1.1 Water Samples 
 Deionized (DI) water was used for water sample blanks to test for water contamination in 
the field, and replicates were collected in order to quantify precision. As shown in Figure 5, 
measured concentrations in most water samples are significantly higher than the MDL, as well as 
the blanks, indicating little contamination. Charge imbalance (CIB) errors were calculated by 
summing the concentrations in g/L of major cations and anions multiplied by their valence and 
divided by their atomic mass. Subsequently, the following equation was implemented: 
 
𝐶𝐼𝐵 =
(𝑆𝑢𝑚 𝑜𝑓 𝐶𝑎𝑡𝑖𝑜𝑛𝑠−𝑆𝑢𝑚 𝑜𝑓 𝐴𝑛𝑖𝑜𝑛𝑠)
(𝑆𝑢𝑚 𝑜𝑓 𝐶𝑎𝑡𝑖𝑜𝑛𝑠+𝑆𝑢𝑚 𝑜𝑓 𝐴𝑛𝑖𝑜𝑛𝑠)
                                                                                       Eqn. 1 
 
The average CIB for all water samples is 4.1%, indicating little error in sample analyses. 
The percent difference was calculated for all replicates (Appendix, Table 11) according to: 
 
% 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = |(
(𝐶1−𝐶2)
𝐶2
) × 100|                                                                                       Eqn. 2 
  
where C1 and C2 represent element concentration in each replicate. Results show a total average 
percent difference of 1.6% for major elements, signifying minimal error and contamination in 
sample preparation, and high precision of resulting chemical analyses.   
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3.1.2 DI Extracts 
 DI extracts were also performed using  99.9% silicon dioxide in place of soil to test for 
contamination, and duplicates were completed to quantify precision. An average CIB of -1.0% 
indicates very little error in sample analyses (Appendix, Table 16). A comparison of major 
elements in duplicate sample analyses shows a percent difference of 8.7%, which is within the 
acceptable range of 0-10% and suggests fairly precise results.  
3.1.3 Bulk Soil 
Bulk soil procedures were also performed using  99.9% silicon dioxide in place of soil to 
test for contamination. Oxide concentrations in these bulk soil blanks were on average less than 
94.5% of concentrations measured in samples. USGS reference powders AGV-2 and GSP-2 were 
run as samples through the bulk soil procedures to test for accuracy, and duplicates were completed 
to quantify precision. Normalized AGV-2 oxide concentrations were on average 12.6% different 
than the USGS reference, while GSP-2 oxides resulted in an average difference of 5.8%. Most 
trace element concentrations were within 20%. Duplicates show a percent difference of 0.54%, 
indicating very minimal error in sample preparation and analysis.  
3.2 Arsenic 
3.2.1 Water 
 Figures 6-7 represent water samples collected in the field and analyzed by IC, ICP, and 
TOC. Figure 6 shows a box plot of arsenic concentrations in water samples by sample type 
(where A=aquaculture, PSF=pond sand filter, RP=rice paddy, TC=tidal channel, TW=tube well, 
and SS=Sundarbans soil water) for May and November 2016. The red horizontal line indicates 
the World Health Organization (WHO) standard for arsenic in drinking water (10 g/L) and the 
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black dotted line represents the method detection limit (MDL). In both plots, arsenic 
concentrations are highest in tube well samples. In May, Blank is the lowest and A, Rain and TC 
are significantly lower than RP. Low arsenic concentrations for the Blank DI water samples 
indicate the absence of contamination in the field. TW overlaps with all sample types because it 
has a wide range as a result of high spatial variability (see section 3.5), but most TW water 
samples are above the WHO standard of 10 g/L. In November, SS and TC are highest after TW 
with the rest of the sample types showing little difference. RP, PSF, and A arsenic concentrations 
decrease significantly during the wet season, possibly as a result of irrigation by tidal channels 
rather than tube wells and dilution by increased precipitation. Some RP samples in May exceed 
the WHO guideline because they are irrigated with TW water and concentrated by evaporation. 
Tidal channel and Sundarbans soil water show similar concentrations because tidal channel water 
inundates the Sundarbans and is not altered by agricultural practices.  
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Figure 6.  Box plot of log10 arsenic values (mg/L) in water samples by sample type (A=aquaculture, 
Blank=DI blank, PSF=pond sand filter, RP=rice paddy, SS=Sundarbans soil water, TC=tidal channel, 
TW=tube well) for May 2016. The horizontal bold line is the median, the box stretches from the 
25th percentile to the 75th percentile, and the whiskers at the top and bottom extend to the farthest 
nonoutlier point in the distribution. The red line represents the World Health Organization (WHO) 
guideline for arsenic in drinking water. The black dashed line represents the method detection limit 
(MDL).  
 
 
DOC shows little seasonal variation. In both May and November, all water types show 
similar DOC concentrations. Sulfur concentrations in water samples are lowest in tube wells in 
both seasons, and highest in aquaculture and tidal channel samples during the dry season. During 
November, all other sample types show similar concentrations. Overall, there is only slight 
temporal variation except for A and TC, which both have high concentrations in May and low 
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concentrations in November. Many water samples were below detection for Fe, so those results 
are not presented here.  
 Figure 7 is a scatterplot matrix of non-conservative elements in all water samples combined 
and shows no strong correlations. However, arsenic and pH show a weak positive correlation, as 
do dissolved oxygen (DO) and pH. Given that arsenic concentrations do not seem to depend on 
one variable, multiple linear regressions were performed to identify the factors controlling 
arsenic concentrations in rice paddy soils and water, as follows: 
Eq. 3-1: Arsenic in rice paddy (RP) water: log(CAs
RPwater)= 0.83*log(CAs
bulksoil) - 
0.39*(pHRPwater) - 0.20*Month + 0.68, n = 9, adj. r2 = 0.89.  
Eq. 3-2: Arsenic in RP soil extracts: logCAs
soilextract = 0.74*logCDOC
soilextract – 0.23*logCSbulksoil 
+ 0.15*logCS
soilextract -3.15, n = 11, adj. r2 = 0.69 
Eq. 3-3: Arsenic in RP bulk soils: CAs
bulksoil = 13.3*CAs
irrwater + 1.89*pHirrwater + 10.6, n = 5, 
adj. r2 = 0.998 
 
24 
 
 
Figure 7.  Scatterplot matrix of log10 components in water samples from May and November 2016 in parts 
per million. The green line represents a linear regression fit, and the red line a smoothed curve. Boxes in 
the diagonal display kernel density and rug plots to illustrate the sample distributions. DO is dissolved 
oxygen. 
 
 
3.2.2 DI Extracts 
 Figures 8-10 show concentrations measured from soil:DI water extracts, which represent 
soluble components in soils. Labile arsenic concentrations are consistently similar in SS and TC 
soil due to their lack of anthropogenic modification post-deposition. TC and SS arsenic 
concentrations decrease slightly during the monsoon, possibly due to dilution by rain water. 
Mobile arsenic concentrations in inundated rice paddies are temporally stable and low, perhaps 
as a result of tilling, creating oxidizing conditions, binding FeOOH to arsenic, and reducing 
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soluble arsenic concentrations. DRP arsenic concentrations during November are significantly 
lower for the same reason.  
 
Figure 8.  Box plot of log10 arsenic values (ppm) in soil extracts by sample type (DRP=dry rice 
paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel) for May and November 2016.  
 
According to (37), iron concentrations in DI extracts are likely not representative of 
soluble Fe concentrations since FeOOH is relatively insoluble under the oxidizing conditions in 
which the extracts were prepared. Therefore, those results are not shown here. Figure 9 
illustrates that DOC concentrations during May show little variation by sample type. No seasonal 
variation can be seen, with the exception of DRP, which decreases during the wet season, 
possibly due to a much smaller sample size.  
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Figure 9.  Box plot of log10 DOC values (ppm) in soil extracts by sample type (DRP=dry rice 
paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel) for May and November 2016.  
 
According to Figure 10, a scatterplot of non-conservative elements in all soil extracts, 
sulfur and DOC concentrations increase with increasing arsenic concentrations. This is consistent 
with the coefficients seen in the multiple linear regression equation for rice paddy soil extracts 
and suggests that arsenic complexes with DOC in the extract solution, and that sulfide 
dissolution transfers arsenic to soil pore waters. Iron does not seem to be correlated with arsenic 
as a result of the precipitation of FeOOH. No correlation of As with phosphorous or iron is 
observed, indicating that competitive adsorption with PO4
3- on ferric oxyhydroxides does not 
control arsenic solubility. 
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Figure 10.  Scatterplot matrix of log10 components in soil extracts from May and November 2016 in parts 
per million. The green line represents a linear regression fit, and the red line a smoothed curve. Boxes in 
the diagonal display kernel density and rug plots to illustrate the sample distributions. DO is dissolved 
oxygen. 
 
 
 
Table 1.  Correlation coefficients in rice paddy soils using DI extract data. 
  pH As S Fe DOC P 
pH 1 
     
As -0.24 1 
    
S -0.15 0.44 1 
   
Fe 0.07 0.06 -0.18 1 
  
DOC -0.27 0.60 0.15 0 1 
 
P -0.44 0.55 0.31 0.02 0.57 1 
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3.2.3 Bulk Soil Analyses 
Figures 11-12 represent chemical concentrations in bulk soil as determined by lithium 
metaborate fusion (section 2.3.1) and ICP analysis. As seen in Figure 11, there is a large 
variation in arsenic concentrations in May rice paddy soils, which lessens in November. Arsenic 
concentrations are slightly higher in RP soils during November because of the reducing 
conditions present in waterlogged soils, which may lead to As-rich sulfide precipitation. The lack 
of a drastic difference in arsenic concentration by season for rice paddy soils may be an 
indication that tilling induces aeration, oxidation of Fe, and sorption of arsenic to HFOs. Arsenic 
concentrations do not show temporal change in dry rice paddies, as they are not exposed to 
reducing conditions. Average iron concentrations show no temporal change and little difference 
by sample type. Bulk dissolved organic carbon concentrations also show little variation by 
sample type or season.  
Figure 12 is a scatterplot matrix of bulk soil nonconservative element concentrations 
found in all soil types combined, and shows a positive correlation between arsenic and iron, 
confirming the conclusion that iron in the form of FeOOH and arsenic are bound and 
immobilized. This conclusion is further supported by the correlation coefficients found in Table 
2, which shows a correlation coefficient of 0.6 for Fe and As in rice paddy soils. Iron and 
phosphorous also seem to be correlated (correlation coefficient = 0.66), indicating the possible 
binding of PO4
3- to FeOOH. However, the multiple linear regression discussed above revealed 
that arsenic concentrations in irrigation water and the pH of irrigation water have the greatest 
impact on arsenic concentrations in bulk soil. These results are discussed in further detail in 
Section 3.4.1. As shown in Table 3, arsenic concentrations in all soil types reaches a maximum 
of 1.86 ppm in bulk soils and 0.22 ppm in soluble soils, with average rice paddy arsenic 
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concentrations equaling 1.86 ppm and 0.15 ppm in bulk soils and extracts. As the highest 
concentration of arsenic in soluble soil is in tidal channel soil, this may indicate that long-term 
accumulation does not affect soluble arsenic in rice paddy soils. As the opposite occurs in bulk 
soils, with rice paddy soil having the highest average arsenic concentration, it seems 
accumulation may play a role. A strong conclusion cannot be reached, however, as the samples 
used in this study are all from 2016. 
 
Figure 11.  Box plot of log10 arsenic values (ppm) in bulk soil by sample type (Blank=DI blank, 
DRP=dry rice paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel) for May and 
November 2016.  
 
 
 
 
 
30 
 
Table 2.  Correlation coefficients in rice paddy soils 
using bulk soil data. 
  As Fe S P 
As 1 
   
Fe 0.60 1 
  
S 0.23 0.03 1 
 
P 0.42 0.66 -0.11 1 
 
  
 
 
Figure 12.  Scatterplot matrix of log10 components in bulk soils from May and November 2016 in parts 
per million. The green line represents a linear regression fit, and the red line a smoothed curve. Boxes in 
the diagonal display kernel density and rug plots to illustrate the sample distributions. DO is dissolved 
oxygen. 
 
31 
 
Table 3.  Soluble arsenic concentrations in soil (ppm) and 
bulk soil arsenic concentrations by sample type (RP=rice 
paddy, SS=Sundarbans Soil, TC=tidal channel). 
  
RP SS TC 
Extract 0.15 0.18 0.22 
Bulk Soil 1.86 2.05 1.61 
 
3.3 Salinity 
 
Figure 13.  Chlorine versus sodium by type of method in mg/L for all samples in May and 
November 2016. 
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Above is a plot of all sample types showing a 1:1 correlation between Na and Cl. This is 
an indication that Na and Cl occur in soils and dissolve in water as halite (NaCl) and behave 
conservatively.  
3.3.1 Water 
 Figures 14 and 15 show the electrical conductivities (EC) of various water types 
measured in the field in both May and November. In May, the electrical conductivities of TC, 
TW, RP, and A samples vary widely, with significantly higher medians than in November. This 
is expected, as decreased rainfall and increased evaporation concentrates salts in tidal channels, 
which are used to irrigate shrimp ponds. Decreased precipitation causes the isohaline of river 
water salinity to move inland. The elevated tube well EC seen in May indicates that surface 
recharge controls the presence of salts in aquifers. In contrast, all sample types exhibit little 
variation in November with far lower median electrical conductivities. This can be attributed to 
salts being flushed out by increased precipitation. Additionally, the canopies and rooting systems 
of rice works to reduce evaporation. Sodium, measured by ICP, exhibits the same trends. The 
scatterplot matrix in Figure 15 shows that conservative elements – having longer residence times 
and tending to be less reactive – exhibit a linear trend, suggesting that they behave 
conservatively in all water samples.  
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Figure 14.  Box plot of electrical conductivity (EC) values (mS/cm) in water samples by sample type 
(A=aquaculture, Blank=DI blank, PSF=pond sand filter, RP=rice paddy, SS=Sundarbans soil water, 
TC=tidal channel, TW=tube well) for May and November 2016. 
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Figure 15.  Scatterplot matrix of log10 salts in water samples from May and November 2016 in parts per 
million. The green line represents a linear regression fit, and the red line a smoothed curve. Boxes in the 
diagonal display kernel density and rug plots to illustrate the sample distributions. DO is dissolved 
oxygen. 
 
 
3.3.2 DI Extracts 
 Figure 16 represents the electrical conductivity of soil extracts. The electrical 
conductivity of SS and TC are similar but different than RP and DRP. This is due to SS soils 
being formed by deposition of TC sediments with little modification. The electrical 
conductivities of DRP and RP soil extracts do not significantly change from May to November, 
but decrease in TC and SS. This, along with the lower soil extract EC in RP and DRP indicates 
that cultivation reduces salt concentrations in rice paddy soils. Plots showing Na concentrations 
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by sample type corroborate these results. The scatterplot matrix in Figure 17 shows that soluble 
conservative elements in all soil types behave conservatively.  
 
 
Figure 16.  Box plot of electrical conductivity (EC) values (mS/cm) in soil extracts by sample 
type (DRP=dry rice paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel) for May and 
November 2016.  
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Figure 17.  Scatterplot matrix of log10 salts in soil extracts from May and November 2016 in parts per 
million. The green line represents a linear regression fit, and the red line a smoothed curve. Boxes in the 
diagonal display kernel density and rug plots to illustrate the sample distributions. DO is dissolved 
oxygen. 
 
3.3.3 Bulk Soil Analyses 
 Figure 18 and Figure 19 represent sodium concentrations in bulk soil samples. DRP 
sodium concentrations increase in November, perhaps due to the accumulation of salts from the 
dry season. However, the sodium concentrations in Table 4 suggest that the long-term addition of 
salts from irrigation, and progressive salt accumulation during the dry season, do not cause bulk 
or extract rice paddy sodium to substantially increase. SS, TC, and RP show no significant 
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temporal change. The scatterplot matrix in Figure 19 shows that elements that behave 
conservatively in water and soil extracts do not behave conservatively in bulk soils.  
 
Figure 18.  Box plot of log10 sodium values (mg/L) in bulk soil by sample type (DRP=dry rice paddy, 
RP=rice paddy, SS=Sundarbans soil, TC=tidal channel) for May and November 2016.  
 
 
 
 
 
Table 4.  Soluble sodium concentrations in soil (ppm) and 
bulk arsenic concentrations by sample type (RP=rice 
paddy, SS=Sundarbans Soil, TC=tidal channel). 
  
RP SS TC 
Extract 2879.6 10178.1 10059.5 
Bulk Soil 8848.3 11223.7 9856.7 
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Figure 19.  Scatterplot matrix of log10 concentrations of salts in bulk soils from May and November 2016 
in parts per million. The green line represents a linear regression fit, and the red line a smoothed curve. 
Boxes in the diagonal display kernel density and rug plots to illustrate the sample distributions. DO is 
dissolved oxygen. 
  
 
 
3.4 Irrigation Source 
3.4.1 Arsenic 
 Figures 20-21 show the concentrations of soluble arsenic in rice paddies by irrigation 
source. Soluble arsenic concentrations in May are significantly higher in rice paddy soils 
irrigated with tidal channel water, and slightly higher in November. However, soluble arsenic 
concentrations are highest in TW water (Figure 6) but are not elevated in rice paddies irrigated 
with TW water. This indicates that soluble arsenic in rice paddy soil is not strongly affected by 
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irrigation source. Soluble arsenic in tube well-irrigated rice paddies is higher in November than 
May, suggesting the reduction of HFOs due to waterlogging and the development of reducing 
conditions.  
Arsenic concentrations in bulk soils, however, are affected by irrigation source, as they 
are highest when irrigated by tube well water in both May and November (Figure 21). Overall, 
arsenic concentrations in bulk soils are much higher than in rice paddy extracts, indicating the 
binding of arsenic to soils so that it is no longer bioavailable. Bulk soil arsenic in paddies 
irrigated with tidal channel water is higher in November than in May, possibly as a result of 
sequestration of arsenic in sulfides that precipitate through sulfate reduction. The multiple linear 
regressions discussed above confirm that arsenic in bulk soils is positively correlated with 
arsenic in irrigation water. Additionally, the regressions show a positive correlation between 
irrigation water pH and bulk soil arsenic concentration.  
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Figure 20.  Log10 arsenic concentrations (ppm) in dry rice paddy and rice paddy soil extracts by 
irrigation type (TC=tidal channel water, TW=tube well water, NA = source not identified) for May and 
November 2016. 
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Figure 21.  Log10 arsenic concentrations (ppm) in dry rice paddy and rice paddy bulk soils by irrigation 
type (TC=tidal channel water, TW=tube well water, NA = source not identified) for May and November 
2016. 
 
3.4.2 Salinity 
 
According to Figure 22, there is little variation in soluble Na in soil by season or 
irrigation type. However, in bulk soils, rice paddies irrigated with TC water have significantly 
higher Na concentrations in May than November because TC water in May is much more saline 
than in November (Figure 18).  
 In comparing log median sodium concentrations in Figures 22 and 23, soluble Na 
concentrations fall between 158 ppm and 1,259 ppm. Log median Na concentrations in bulk 
samples, on the other hand, range between 6,310 ppm and 10,000 ppm. This overall difference in 
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scale indicates that NaCl may be bound in clays and, therefore, immobile. Consequently, the 
dynamics discussed above seem to have secondary control over sodium concentrations in soil 
extracts and bulk soils. 
 
 
 
Figure 22.  Sodium concentrations (log10 ppm) in dry rice paddy and rice paddy soil extracts by irrigation 
type (TC=tidal channel water, TW=tube well water, NA=irrigation source not identified) for May and 
November 2016. 
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Figure 23.  Sodium concentrations (log10 ppm) in dry rice paddy and rice paddy bulk soils by irrigation 
type (TC=tidal channel water, TW=tube well water, NA=none available) for May and November 2016. 
 
 
3.5 Spatial Trends 
 
 Figures 24-28 show arsenic concentrations and specific conductivity in rice paddy water 
samples, and As and Na concentrations in rice paddy bulk soils plotted using ArcGIS. Maps have 
been created for both May and November, and As and Na concentrations, and SpC are 
proportional to their symbol size. Arsenic concentrations in water and bulk soils show no spatial 
trends in either season, as expected, and seasonal differences in the maps below are unclear. 
SpC values in rice paddy water also show no spatial trends, though they are lower in 
November, as discussed above (Section 3.1.1). However, this study completed a detailed analysis 
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on a small selection of sites and would need to be expanded upon in order to draw robust 
conclusions.  
 
 
Figure 24.  Map of arsenic concentrations in rice paddy water for May 2016, with 
concentrations proportional to their symbol size. 
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Figure 25.  Map of arsenic concentrations in rice paddy bulk soils for May 2016, 
with concentrations proportional to their symbol size. 
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Figure 26.  Map of arsenic concentrations in rice paddy bulk soils for November 
2016, with concentrations proportional to their symbol size. 
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Figure 27.  Map of specific conductivities in rice paddy water for May 2016, with 
amounts proportional to their symbol size. 
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Figure 28.  Map of specific conductivities in rice paddy water for November 
2016, with amounts proportional to their symbol size. 
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CHAPTER 4 
DISCUSSION 
4.1 Rice Paddy Arsenic 
Groundwater from tube wells is a potential source of As in rice paddy fields. As shown in 
Figure 6, all tube well water samples in both May and November have arsenic concentrations 
exceeding the World Health Organization (WHO) guideline of 10 g/L. This is consistent with 
previous work by (69). Ferric oxyhydroxides coat aquifer sediments. DOC causes the reductive 
dissolution of these ferric oxyhydroxides, releasing sorbed arsenic and increasing groundwater 
concentrations of arsenic (69, 70). This reaction causes As, DOC, S, and Fe to exhibit non-
conservative behavior in groundwater but also in surface waters in contact with sediments 
(Figure 7).  
According to (70), the local shallow aquifer is capped by a > 5 m thick mud layer. This 
impermeable surface deposit has been determined to result in the isolation of surface water 
bodies from each other and from aquifers (69). However, this study reports average tube well 
arsenic concentrations that decrease in November, consistent with a decrease in surface water 
arsenic (Figure 6). This seasonal variation suggests that, in agreement with (70), recharge occurs 
in areas where the clay cap pinches out. Surface water depth and the amount of rainfall and 
inundation also increase in November, which may serve to further increase recharge rates (71) 
and decrease arsenic concentrations in groundwater. It should be noted that previous work in 
Polder 32 (70) found less seasonal variation in groundwater composition. This suggests that 
recharge rates vary spatially.  
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Some rice paddy water samples in May exceed the WHO guideline for arsenic due to 
irrigation by As-rich tube well water (Figure 6). The decrease in arsenic concentrations present 
during November is a result of both dilution by increased precipitation, and the transition from 
tube well irrigation in the dry season to tidal channel and rain water irrigation in the wet season. 
Arsenic in rice paddy soil extracts increases with increasing extract sulfur (Eq. 3-2), and arsenic 
in rice paddy water increases with decreasing pH (Eq. 3-1), indicating that arsenic may be 
liberated by sulfide dissolution.  
Consistent with (8,14, 21), arsenic concentrations in bulk soils are slightly higher in RP 
soils during November (Figure 11) as a result of the anaerobic conditions present in waterlogged 
soils. This may lead to As-rich sulfide precipitation. The lack of a drastic difference in arsenic 
concentration by season for rice paddy soils may be an indication that tilling induces aeration, 
oxidation of Fe, and sorption of arsenic to HFOs. Arsenic concentrations do not show temporal 
change in dry rice paddies, as they are not exposed to reducing conditions.  
Soluble arsenic concentrations in rice paddy soils show the same relationship as in bulk 
soils above. Mobile arsenic concentrations increase with extract DOC and S (Figures 9-10, Table 
1), and decrease with increasing S in soil (Figures 11-12), indicating that sulfide dissolution 
transfers arsenic and sulfur to soil pore waters and that arsenic is complexed with DOC in the 
extract solution (Eq. 3-2). Iron does not seem to be correlated with arsenic in DI extracts as a 
result of the precipitation of FeOOH. Iron and arsenic, and phosphorous and arsenic show no 
correlation (Table 1), suggesting that competitive adsorption with PO4
3- on ferric oxyhydroxides 
does not control arsenic solubility. However, iron and phosphorous are correlated in bulk soils 
(correlation coefficient = 0.66, Table 2), indicating the possible binding of PO4
3- to FeOOH. 
Bulk soils show a positive correlation between arsenic and iron (r = 0.6, Table 2), confirming the 
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conclusion that iron in the form of FeOOH and arsenic are bound and immobilized. However, 
multiple linear regression results revealed that arsenic concentrations in irrigation water and the 
pH of irrigation water have the greatest impact on arsenic concentrations in bulk soil (Eq. 3-3).  
The positive correlation seen between bulk soil As concentrations and As concentrations in 
irrigation water is an indicator that irrigation water adds As to the soil. As mentioned in Section 
1.2.5, (11) reported increasing As concentrations of 1 ppm per annum as a result of long-term 
irrigation with tube well water. This study, however, finds maximum arsenic concentrations in 
soluble and bulk soils for all sample types that reach 0.15 ppm and 1.86 ppm, respectively. 
Considering the rice paddies in this study have been cultivated for several years, this makes an 
increase of 1 ppm per year very unlikely. Additionally, in soluble soils, the highest average 
concentration of arsenic is in tidal channel soil, again indicating that long-term irrigation by 
high-arsenic water and long-term accumulation do not seem to play a role. In bulk soils, 
however, the highest average arsenic concentration is found in rice paddy soil, which is a 
possible indicator that arsenic may accumulate in bulk soil. As this study took place over the 
course of one year, though, a strong conclusion on long-term accumulation in rice paddy soils is 
not able to be determined. 
Arsenic concentrations in water and bulk soils show no spatial correlation in either 
season, as expected (Figure 26). In concurrence with Figure 6, arsenic concentrations in rice 
paddy water are higher in May, as a result of irrigation by contaminated tube wells.  
Soluble arsenic concentrations in May are highest in rice paddy soils irrigated with tidal 
channel water (Figure 20), while in November soluble As concentrations in TC- and TW-
irrigated paddies are similar but higher than in rain water irrigated paddies. While arsenic 
concentrations are highest in TW water (Figure 6), soluble As is not elevated in rice paddies 
irrigated with TW water (Figure 20). This indicates that As in TW irrigation water is added to 
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the soil in an insoluble form, probably sorbed to HFOs. It should be noted that in situ, 
groundwater is under reducing conditions. Exposure to oxidizing conditions at the surface results 
in oxidation of arsenic and iron, precipitation of HFOs, and sorption of arsenic onto HFOs. 
Soluble arsenic in tube well-irrigated rice paddies is higher in November than May, suggesting 
the reduction of HFOs due to waterlogging and the development of reducing conditions.  
Overall, arsenic concentrations in bulk soils are much higher than in rice paddy extracts, 
indicating the binding of arsenic to soil minerals so that it is not bioavailable under present 
geochemical conditions. Bulk soil arsenic in paddies irrigated with tidal channel water is higher 
in November than in May (Figure 21), possibly as a result of sequestration of arsenic in sulfides 
that precipitate through sulfate reduction. The multiple linear regressions discussed above 
confirm that arsenic in bulk soils is positively correlated with arsenic in irrigation water. 
Additionally, the regressions show a positive correlation between irrigation water pH and bulk 
soil arsenic concentration. This is unexpected, as AsO4
3- sorbs more strongly to HFOs at a low 
pH when the HFO surface is positively charged. As pH in the rhizosphere increases, the surface 
of HFOs become progressively more neutral, causing arsenic to sorb less strongly. Therefore, 
irrigation water pH and arsenic concentrations in bulk soils should be negatively correlated. 
Secondarily, the solubility of HFOs shows a U-shaped pH dependence, and the mode pH in rice 
paddy soil pore water is 8.1. This means that, because HFO solubility increases from pH 7-14, 
less HFOs are available to sorb arsenic in bulk soils. Accordingly, pH and HFOs – and pH and 
arsenic – should exhibit a negative correlation. Further analysis will need to be completed in 
order to determine the cause of the positive relationship between irrigation water pH and bulk 
soil arsenic concentrations.  
 
53 
 
4.2 Rice Paddy Salinity 
In May, the electrical conductivities of TC, TW, RP, and A samples vary widely, with 
significantly higher averages than in November (Figure 14). This is expected, as decreased 
rainfall and increased evaporation concentrates salts in tidal channels (36, 65), and causes the 
isohaline of river water salinity to move inland (31). The elevated tube well EC seen in May 
indicates that surface recharge controls the presence of salts in aquifers. A study by (70) 
investigated the source of salts in the groundwaters of SW Bangladesh. A proximity analysis 
performed in ArcGIS 10.2 found weak negative correlations between SpC and distances to tidal 
channels and shrimp ponds, indicating the possible occurrence of brackish water intrusion. As 
tidal channels are near the tube well samples collected in this study, and are more saline in May, 
this could explain the seasonal variation in tube well EC. These findings combined explain the 
significantly higher tube well salinities present in the dry season. 
In contrast, all sample types in November have far lower average electrical 
conductivities. This can be attributed to salts being flushed out by increased precipitation. 
Additionally, the canopies and rooting systems of rice works to reduce evaporation (59). 
The electrical conductivity of SS and TC are similar in DI extracts but different than RP 
and DRP (Figure 16). This is due to SS soils being formed by deposition of TC sediments with 
little modification. The electrical conductivities of DRP and RP soil extracts do not significantly 
change from May to November, but decrease in TC and SS. This, along with the lower soil 
extract EC in RP and DRP indicates that cultivation reduces salt concentrations in rice paddy 
soils. Sodium concentrations in RP bulk soils show no significant temporal change. This result 
contradicts studies by (67) and (68), which posit that capillary rise from shallow groundwater 
aquifers causes salt accumulation and can result in a nearly continual supply of salts to the root 
zone when rainfall is unavailable to flush soils. On the contrary, SS and TC bulk sodium 
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concentrations are slightly higher in May due to salt accumulation (Figure 16). Table 4, showing 
sodium concentrations in bulk soils and soil extracts by sample type, seems to indicate that 
sodium does not substantially increase due to long-term irrigation by saline water and salt 
precipitation during the dry season. Average rice paddy sodium in soil extracts falls at 115.3 
ppm, which is lower than sodium concentrations in Sundarbans soil and tidal channel soil. The 
same is true for bulk soils – rice paddy bulk soils exhibit average sodium concentrations of 16.7 
ppm, with Sundarbans soils and tidal channel soils have average concentrations of 22.5 ppm and 
19.4 ppm, respectively. Under the assumption that salts do accumulate in soils over time, rice 
paddy soils would have significantly higher sodium concentrations than in SS and TC soils. 
However, multi-year research is necessary to fully understand the dynamics of accumulation of 
salts over time. 
In May, average soluble sodium concentrations are higher in rice paddy soils irrigated 
with tube well water than tidal channel water (Figure 22). This is unexpected, since tidal channel 
water is significantly more saline on average than tube well water in May (Figure 14). In 
contrast, bulk sodium concentrations in May are higher in rice paddies irrigated with tidal 
channel water than those irrigated with tube well water (Figure 23). This may be a result of a 
higher percentage of sodium contributed by tidal channels binding to soils, and more salts being 
flushed out by less saline tube well water.  
In November, the opposite trend is seen. Average soluble Na concentrations in rice paddy 
soils irrigated with tidal channel water are higher than those irrigated with tube well water, 
whereas bulk soil Na concentrations in paddies irrigated with tube well water are higher than in 
paddies irrigated with tidal channel water. Seasonality seems to have a large impact on sodium 
concentrations in rice paddy bulk soils. In May, paddies irrigated with TC water are drastically 
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more saline than in November, resulting from a proportional increase of bound Na in relation to 
TC water salinity.  
In comparing average sodium concentrations in Figures 22 and 23, log median soluble 
Na concentrations fall between 158 ppm and 1,259 ppm. Log median Na concentrations in bulk 
samples, on the other hand, range between 6,310 ppm and 10,000 ppm. This overall difference in 
scale indicates that NaCl may be bound in clays and, therefore, immobile. Consequently, the 
dynamics discussed above seem to have secondary control over sodium concentrations in soil 
extracts and bulk soils. 
As shown in Figure 28 and 29, SpC values in rice paddy water show no spatial 
correlation (57), though they are lower in November, as discussed above (Section 3.1.1). 
However, this study completed a detailed analysis on a small selection of sites and would need to 
be expanded upon in order to draw robust conclusions about spatial variation.  
4.3 Rice Uptake and Effect on Yield 
4.3.1 Arsenic Uptake 
When comparing deionized water extract arsenic concentrations to the World Health 
Organization (WHO) limit for drinking water (0.01 ppm), 20% of rice paddy measurements are 
above the limit. So, although most soil water contains measurable concentrations of arsenic, the 
majority are lower than the WHO limit. The average pH of rice paddy soil extracts is 7.9, 
suggesting that carbonate material buffers the pH in the root zone to near-neutral values. This 
prevents any harmful effects of soil acidity to rice plants, which otherwise would increase due to 
sulfide dissolution.  
Table 5 below shows the average percent solubilities of arsenic, sodium, potassium, and 
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phosphorous in rice paddies by season and site, along with total averages. Solubilities for every 
element tend to decrease during November. In the wet season, when farmers are cultivating, 
approximately 1.4% of arsenic in soil is soluble compared with 5.1% of sodium and less than 1% 
of nutrients potassium and phosphorous. However, in situ, plants make P and K bioavailable by 
lowering the pH in the root zone through respiration. Therefore, these values may not be 
representative of the root zone environment. Arsenic concentrations in bulk soil are much higher 
than in soil extracts, indicating that most As is insoluble. The low percent of As that is soluble 
indicates it is bound to HFOs. These overall trends may indicate that anthropogenic activities 
change the solubilities, but not bulk concentrations, of arsenic.  
Soil soluble As concentrations are relatively low in rice paddies irrigated with TW water 
(Figure 20). In opposition to (15-16), (19-20), (24), and (50), this suggests that in this area, tube 
well irrigation poses no harm to rice plants or the people that ingest them. These, however, were 
highly controlled biological studies that did not take place in the natural environment. Failing to 
take the tilling of rice paddies into account would cause reducing conditions to persist in these 
experiments, mobilizing arsenic in soils. Most of the As from TW water is sorbed onto soil 
minerals, as indicated by the low percent soluble As (Table 5). This is consistent with previous 
studies that have shown that As in irrigation water is rapidly removed by HFO precipitation and 
stored in soil (77-78). Arsenic is then removed from soils during monsoon flooding (76). 
Therefore, it seems that high arsenic irrigation water has the potential to cause elevated arsenic 
concentrations in rice grain, but this may depend upon cultivation practices. As implied above, in 
practice, arsenic bioavailability could be further decreased through soil aeration (draining and 
tilling) and by avoiding the use of groundwater for rice paddy irrigation.  
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Table 5.  Average percent solubilities in rice paddy soils by site and season for arsenic, sodium, 
potassium, and phosphorous. Total averages are also shown. 
Site Avg. As % Soluble Avg. Na % Soluble Avg. K % Soluble Avg. P % Soluble 
 
May November May November May November May November 
B2 1.0% 1.0% 1.9% 0.3% 0.0% 0.0% 0.1% 0.0% 
B3 2.1% 1.1% 20.1% 2.2% 0.2% 0.0% 0.1% 0.1% 
B8 3.7% 1.7% 8.4% 4.0% 0.1% 0.1% 0.1% 0.1% 
B9 2.1% 0.9% 18.4% 3.9% 0.4% 0.0% 0.1% 0.0% 
P32 1.7% 2.5% 20.5% 15.1% 0.5% 0.2% 1.0% 0.3% 
Tot. Avg. 2.1% 1.4% 13.9% 5.1% 0.2% 0.1% 0.3% 0.1% 
*only rice paddy samples 
 
 
4.3.2 Salt Uptake 
Table 6 shows rice paddy extract conductivities classified as a percent of total using 
a scheme developed by the United Nations Food and Agriculture Organization. The asterisks 
indicate data that was taken from (36) to test for progressive salinization of soils. In May 2013, 
2014, and 2016 – when soil salts have accumulated due to lack of rain and a high evaporation 
rate – the highest proportion of samples are classified as either slightly saline or moderately 
saline. During cultivation season, in October 2013 and 2016, the clear majority of samples are 
classified as non-saline, indicating that bioavailable salts in soils have a negligible effect on 
crops. As seen, no samples are classified as “strongly saline” or “very strongly saline” in either 
the wet or dry seasons. Overall, in opposition to the work discussed in Section 1.2.5, soil salinity 
does not seem to be a strong limiting factor in rice productivity. Additionally, there does not 
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seem to be an increase in salinity over time. However, the study area for the 2013-2014 samples 
differed from the samples discussed here and more data would be needed to draw a robust 
conclusion.  
 
 
Table 6.  FAO soil salinity classifications with samples classified as a percent of total. Modified from 
(62). Includes data from (36). 
Soil Salinity 
Class 
Conductivity of 
Saturation Extract 
(dS/m) 
Effect on 
Crop Plants 
May 
2013* 
Oct. 
2013* 
May 
2014* 
May 
2016 
Oct. 
2016 
Non-Saline 0-2 Negligible 32 88 3 68 80 
Slightly Saline 2-4 
Yield of 
sensitive 
crops may be 
restricted 
56 5.9 10 11 15 
Moderately 
Saline 
4-8 
Yield of 
many crops 
restricted 
12 5.9 9 21 5 
Strongly 
Saline 
8-16 
Only tolerant 
crops yield 
satisfactorily 
0 0 0 0 0 
Very Strongly 
Saline 
>16 
Only a few 
very tolerant 
crops yield 
satisfactorily 
0 0 0 0 0 
* Data taken from (36) 
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4.4 Aquaculture 
Since 1985, brine shrimp aquaculture has been substituted for rice cultivation in the dry 
season, when irrigation water becomes prohibitively saline (72). This has been known to cause 
salinization of shrimp pond water and soil (65), as well as adjacent paddy fields (73). As tidal 
channel water functions as the source of salts in shrimp ponds, the average EC of aquaculture 
and tidal water in May are expected to be similar. However, in this study, the median EC in 
aquaculture ponds is much lower than in tidal channels (Figure 14), indicating the presence of 
some freshwater (rather than brine) shrimp ponds.  
Shrimp farming has also been known to cause soil acidification. Soils submerged for 
extended periods become anaerobic, causing the precipitation of sulfides, such as pyrite (FeS2). 
According to (74), when the land is dried and cultivated, the exposed sulfide oxidizes, releasing 
sulfuric acid. This, in turn, can hinder the productivity of rice plants. The average pH of shrimp 
pond water in this study, however, is 8.0.  
Additionally, 0% of aquaculture water samples exceed the WHO arsenic guideline. Overall, 
shrimp ponds in this area do not seem to pose a threat to rice crops in the way of salinity, acidity, 
or arsenic contamination, and significant uptake of As by brine shrimp seems unlikely.  
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CHAPTER 5 
CONCLUSIONS 
TW water samples in both May and November have arsenic concentrations exceeding the 
WHO guideline of 10 g/L. Average TW arsenic concentrations decrease in November 
consistent with recharge of meteoric water due to variable thicknesses of the impermeable 
surface mud layer. Previous work in Polder 32 found less seasonal variation in groundwater 
composition, suggesting that recharge rates vary spatially. Some RP water samples in May 
exceed the WHO guideline, perhaps due to irrigation by As-rich TW water. Increased 
precipitation and a transition to TC and rainwater irrigation cause RP water arsenic 
concentrations to decrease in November.  
 Arsenic in bulk soils is slightly higher in rice paddies during November because of the 
anaerobic conditions present in waterlogged soils, causing As-rich sulfide precipitation. Sulfide 
dissolution transfers arsenic to soil pore waters, and arsenic is then complexed with DOC in 
solution. Arsenic in bulk rice paddy soils is positively correlated with both iron and phosphorous, 
indicating the adsorption of AsO4
3- and PO4
3- on ferric oxyhydroxides. Arsenic concentrations in 
irrigation water and pH have the greatest impact on arsenic concentrations in bulk soil, however. 
The precise reasoning for the positive correlation between irrigation water pH and bulk soils 
arsenic is yet to be determined. On the other hand, soluble arsenic in rice paddies is not strongly 
affected by irrigation source. Between 1.4% and 2.1% of arsenic in soils is soluble, indicating 
that it is bound to HFOs and, therefore, immobile, resulting in 80% of rice paddy extracts falling 
below the WHO arsenic guideline. This suggests that soil arsenic in our study area poses no 
harm to rice plants or the humans that ingest them. The average pH of soil pore water is 7.9, so 
acidity also presents no harm to crops. 
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 Decreased rainfall and increased evaporation rates cause water to become more saline 
during the dry season. Tube wells show seasonal variation, indicating that surface recharge 
controls the presence of salts in aquifers. Soluble log median Na concentrations fall between 158 
ppm and 1,259 ppm, while log median Na concentrations in bulk samples range between 6,310 
ppm and 10,000 ppm. This overall difference in scale indicates that NaCl may be bound in clays 
and, therefore, immobile. Cultivation further reduces soluble salt concentrations in rice paddy 
soils. 
  Overall, the salinities and arsenic concentrations in irrigation water do not seem to be a 
limiting factor in rice productivity. Although tube well arsenic concentrations are high enough to 
cause negative health effects when directly ingested, analysis of arsenic concentrations in rice 
grain is necessary to draw a conclusion on the potential of rice to function as a secondary source 
of arsenic in Bangladeshis’ diets. At first glance, however, it seems the majority of arsenic in 
soils is bound to clays and immobile. Therefore, rice plants would have to have high 
bioaccumulation and transfer factors in order to cause harm to those who ingest rice. Shrimp 
farming in the study area poses no threat to crops in the way of salinity, acidity, or arsenic 
contamination. Both shrimp farming and rice cultivation appear sustainable at the sites discussed 
in this study. 
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APPENDIX 
 
Table 7.  Water measurements taken in the field with a Hach HydroLab DS5 Sonde (A=aquaculture, Blank=DI blank, PSF=pond 
sand filter, RP=rice paddy, SS=Sundarbans soil water, TC=tidal channel, TW=tube well, TDS=total dissolved solids, 
DO=dissolved oxygen, EC=electrical conductivity, ORP-oxidation reduction potential). Note: in November, the Hydrolab was out 
of commission. 
Site Sample 
Type 
Date Latitude Longitude Temp 
(ºC) 
TDS 
(g/L) 
pH DO 
(mg/L) 
EC 
(mS/cm) 
ORP 
(mV) 
Salinity 
(ppt) 
BEMS-09 TW 5/15/16 22.98762 89.48538 32.1 19.99 7.92 5.69 31289 93 19.4 
BEMS-09 TW 5/15/16 22.98911 89.48505 30.96 20.11 7.93 5.39 31387 102 19.5 
BEMS-09 RP 5/15/16 22.98767 89.48531 33.46 2.696 8.04 6.11 4221 80 2.3 
BEMS-09 RP 5/15/16 22.98790 89.48531 36.81 2.733 7.97 11.85 4285 98 2.3 
BEMS-09 RP 5/15/16 22.98826 89.48533 35.95 2.669 8.21 11.08 4165 93 2.3 
BEMS-09 RP 5/15/16 22.98783 89.48572 36.49 5.859 7.88 9.05 9158 130 5.2 
BEMS-09 RP 5/15/16 22.98837 89.48575 36.28 3.015 7.84 7.33 4705 80 2.6 
BEMS-09 RP 5/15/16 22.98807 89.48574 35.92 4.519 7.72 8.01 7064 106 3.9 
BEMS-09 RP 5/15/16 22.98846 89.48514 36.76 2.403 8.08 8.37 3672 150 0.1 
BEMS-09 RP 5/15/16 22.98904 89.48508 34.17 2.598 7.46 5.64 4131 140 2.3 
BEMS-09 RP 5/15/16 22.98875 89.48512 38.32 3.07 8.58 9.07 4824 119 2.7 
BEMS-09 A 5/15/16 22.98944 89.48486 37.87 1.213 8.7 7.39 1895 104 1.0 
BEMS-09 A 5/15/16 22.98879 89.48541 35.59 2.417 8.92 10.15 3772 98 2.0 
BEMS-09 A 5/15/16 22.98879 89.48541 35.06 2.428 8.94 9.95 3804 99 2.1 
BEMS-02 A 5/16/16 22.53952 89.58504 29.56 10.52 7.19 6.6 16494 77 9.7 
BEMS-02 A 5/16/16 22.53952 89.58504 29.84 4.192 7.14 5.84 6526 64 3.6 
BEMS-02 A 5/16/16 22.98819 89.48934 
       
BEMS-02 A 5/16/16 22.98819 89.48934 28.82 7.931 7.42 5.87 12418 153 7.1 
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Site Sample 
Type 
Date Latitude Longitude Temp 
(ºC) 
TDS 
(g/L) 
pH DO 
(mg/L) 
EC 
(mS/cm) 
ORP 
(mV) 
Salinity 
(ppt) 
BEMS-02 A 5/16/16 22.54076 89.58483 30.62 20.17 7.86 5.63 31684 102 99.5 
BEMS-02 A 5/16/16 22.54076 89.58483 30.33 20.09 7.87 5.37 31404 115 19.5 
BEMS-02 A 5/16/16 22.51524 89.59555 31.67 19.93 7.65 7.18 31163 106 19.4 
BEMS-02 A 5/16/16 22.51524 89.59555 32.07 20.28 7.63 7.33 31989 90 20.0 
BEMS-02 A 5/17/16 22.51475 89.59619 31.88 22.35 7.73 7.74 34721 110 21.8 
BEMS-02 A 5/17/16 22.51577 89.59651 31.82 22.32 7.46 7.03 34782 127 21.8 
BEMS-08 BLANK 5/18/16 
  
33.18 0.0208 7.52 6.04 33.5 29 0.0 
BEMS-08 RP 5/18/16 22.71134 89.17664 36.17 12.23 8.4 7.56 19124 96 11.3 
BEMS-08 RP 5/18/16 22.71162 89.17565 31.37 18.34 7.88 6.02 28638 107 17.6 
BEMS-08 RP 5/18/16 22.71162 89.17565 31.37 18.34 7.88 6.02 28638 107 17.6 
BEMS-08 A 5/18/16 22.71464 89.18433 30.69 1.342 8.93 4.04 2092 72 1.1 
BEMS-08 A 5/18/16 22.71464 89.18433 34.37 1.274 9.06 4.23 1994 60 1.1 
BEMS-08 A 5/18/16 22.71452 89.18457 33.62 1.365 8.53 4.05 2136 60 1.1 
BEMS-08 A 5/18/16 22.71155 89.17555 32.02 19.63 7.47 5.9 30700 87 19.0 
BEMS-08 A 5/18/16 22.74123 89.20631 32.72 0.2938 8.76 6.24 460.7 85 0.2 
BEMS-08 A 5/18/16 22.74123 89.20631 32.66 0.2954 8.77 6.51 459 84 0.2 
BEMS-08 PSF 5/18/16 22.71680 89.18273 34.38 0.4558 8.32 5.42 712.3 65 0.4 
BEMS-08 TC 5/18/16 22.71156 89.17551 32.5 20.97 7.35 4.83 32775 86 20.5 
BEMS-08 TC 5/18/16 22.74154 89.20609 31.34 0.3342 7.42 5.48 521 94 0.3 
BEMS-08 TW 5/18/16 22.71388 89.18400 35.57 5513 6.77 2.67 447.7 
 
0.3 
BEMS-03 A 5/19/16 22.87129 89.30414 32.93 16 7.83 8.71 25141 96 15.3 
BEMS-03 TC 5/19/16 22.87128 89.30409 31.26 18.06 6.87 4.32 28288 99 17.4 
BEMS-03 TW 5/19/16 22.86908 89.30638 27.71 2.014 6.61 3.02 3100 
 
1.7 
BEMS-03 RP 5/19/16 22.86901 89.30646 32.52 1.731 6.86 3.66 2695 
 
1.5 
BEMS-08 RP 5/19/16 22.74039 89.20609 37.78 0.2732 8.93 7.42 467.2 56 0.2 
BEMS-09 BLANK 5/20/16 
         
BEMS-09 A 5/20/16 22.98799 89.49035 29.56 10.52 7.19 6.6 16494 77 9.7 
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Site Sample 
Type 
Date Latitude Longitude Temp 
(ºC) 
TDS 
(g/L) 
pH DO 
(mg/L) 
EC 
(mS/cm) 
ORP 
(mV) 
Salinity 
(ppt) 
BEMS-09 A 5/20/16 22.98798 89.48966 29.84 4.192 7.14 5.84 6526 64 3.6 
BEMS-09 A 5/20/16 22.98819 89.48934 
       
BEMS-09 A 5/20/16 22.98819 89.48934 28.82 7.931 7.42 5.87 12418 153 7.1 
BEMS-09 TC 5/20/16 22.98780 89.48970 31.11 11.94 7.52 5.68 18579 88 11.0 
Sundarbans TC 5/24/16 22.60250 89.48444 33.66 22.13 7.11 6 34579 57 21.7 
RAIN RAIN 5/25/16 
  
24.3 0.0351 6.74 6.43 54.8 69 0.0 
BEMS-02 A 11/23/16 22.53955 89.58501 25.9 
 
8.3 
 
840 
  
BEMS-02 A 11/23/16 22.53955 89.58501 25.9 
 
8.3 
 
860 
  
BEMS-02 A 11/23/16 22.54073 89.58481 26.9 
 
8.1 
 
760 
  
BEMS-02 A 11/23/16 22.51509 89.59540 27.1 
 
7.9 
 
1565 
  
BEMS-02 A 11/23/16 22.51478 89.59620 27.6 
 
8.1 
 
1430 
  
BEMS-02 A 11/23/16 22.51577 89.59653 27.5 
 
8.1 
 
1350 
  
BEMS-02 A 11/23/16 22.51577 89.59653 27.5 
 
8.1 
 
1350 
  
BEMS-03 RP 11/18/16 22.86901 89.30646 26.2 
 
8.2 
 
520 
  
BEMS-03 RP 11/18/16 22.86901 89.30646 26.2 
 
8.2 
 
520 
  
BEMS-03 RP 11/18/16 22.86916 89.30638 27.1 
 
8.4 
 
510 
  
BEMS-03 RP 11/18/16 22.87164 89.30554 26.5 
 
9 
 
4180 
  
BEMS-03 A 11/18/16 22.87126 89.30413 27 
 
9.2 
 
4150 
  
BEMS-03 TC 11/18/16 22.87128 89.30406 26 
 
7.8 
 
2780 
  
BEMS-08 RP 11/15/16 22.71464 89.18436 25.2 
 
7.6 
 
500 
  
BEMS-08 RP 11/15/16 22.71401 89.18405 27 
 
8.1 
 
570 
  
BEMS-08 RP 11/15/16 22.71401 89.18405 27 
 
8.1 
 
570 
  
BEMS-08 RP 11/17/16 22.71133 89.17663 25.4 
 
8.3 
 
5300 
  
BEMS-08 RP 11/17/16 22.71133 89.17663 25.4 
 
8.3 
 
5300 
  
BEMS-08 RP 11/17/16 22.71162 89.17565 27.2 
 
8.5 
 
4270 
  
BEMS-08 RP 11/17/16 22.71162 89.17565 27.2 
 
8.5 
 
4270 
  
BEMS-08 RP 11/15/16 22.74021 89.20722 26.9 
 
8.5 
 
420 
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Site Sample 
Type 
Date Latitude Longitude Temp 
(ºC) 
TDS 
(g/L) 
pH DO 
(mg/L) 
EC 
(mS/cm) 
ORP 
(mV) 
Salinity 
(ppt) 
BEMS-08 RP 11/15/16 22.74021 89.20746 27.1 
 
8.5 
 
420 
  
BEMS-08 RP 11/15/16 22.74018 89.20733 27 
 
8.5 
 
420 
  
BEMS-08 RP 11/15/16 22.73974 89.20774 26.9 
 
8.3 
 
420 
  
BEMS-08 RP 11/15/16 22.73966 89.20790 28.5 
 
8.4 
 
420 
  
BEMS-08 RP 11/15/16 22.73971 89.20800 27.1 
 
8.3 
 
420 
  
BEMS-08 RP 11/15/16 22.74040 89.20609 26.7 
 
8.5 
 
420 
  
BEMS-08 RP 11/15/16 22.74040 89.20609 26.7 
 
8.5 
 
420 
  
BEMS-08 TC 11/17/16 22.71157 89.17552 27.1 
 
8.1 
 
5580 
  
BEMS-08 TC 11/15/16 22.74159 89.20595 27.5 
 
7.8 
 
480 
  
BEMS-08 A 11/17/16 22.71452 89.18456 24.9 
 
7.3 
 
560 
  
BEMS-08 A 11/17/16 22.71155 89.17555 26.1 
 
8.3 
 
5108 
  
BEMS-08 A 11/15/16 22.74125 89.20630 26.6 
 
7.9 
 
430 
  
BEMS-09 RP 11/13/16 22.98788 89.48534 28.52 
 
8.59 
 
733.1 196 0.4 
BEMS-09 RP 11/13/16 22.98788 89.48534 28.52 
 
8.59 
 
733.1 196 0.4 
BEMS-09 RP 11/13/16 22.98807 89.48575 27.4 
 
8.7 
 
860 
  
BEMS-09 RP 11/13/16 22.98869 89.48523 27.7 
 
9.1 
 
770 
  
BEMS-09 RP 11/14/16 22.98957 89.48494 28.2 
 
9 
 
700 
  
BEMS-09 RP 11/14/16 22.98812 89.48992 28.3 
 
8.3 
 
1390 
  
BEMS-09 RP 11/14/16 22.98847 89.48891 27.7 
 
9.2 
 
980 
  
BEMS-09 RP 11/14/16 22.98847 89.48891 27.7 
 
9.2 
 
980 
  
BEMS-09 TC 11/14/16 22.98785 89.48986 26.7 
 
7.4 
 
690 37 
 
BEMS-09 A 11/13/16 22.98952 89.48471 27.4 
 
8.1 
 
600 
  
BEMS-09 A 11/13/16 22.98952 89.48471 
       
BEMS-09 A 11/14/16 22.98804 89.49033 27.8 
 
8 
 
1380 
  
Sundarbans SS 11/20/16 22.45771 89.46807 25.9 
 
7.9 
 
2190 
  
Sundarbans SS 11/20/16 22.45845 89.46806 25.3 
 
7.8 
 
1220 
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Site Sample 
Type 
Date Latitude Longitude Temp 
(ºC) 
TDS 
(g/L) 
pH DO 
(mg/L) 
EC 
(mS/cm) 
ORP 
(mV) 
Salinity 
(ppt) 
SS-12 RP 11/20/16 22.50638 89.47340 24.1 
 
7.5 
 
2140 
  
SS-12 TW 11/20/16 22.50698 89.47295 27.1 
 
7.3 
 
3440 
  
SS-12 TW 11/20/16 22.50698 89.47295 26.6 
 
7.3 
 
1820 
  
SS-12 TW 11/20/16 22.50698 89.47295 26.5 
 
7.3 
 
1760 
  
SS-15 RP 11/20/16 22.50305 89.37932 22.9 
 
7.5 
 
2930 
  
SS-15 RP 11/20/16 22.50305 89.37932 22.9 
 
7.5 
 
2930 
  
SS-15 PSF 11/20/16 22.49951 89.47971 27.1 
 
7.8 
 
1330 
  
SS-112 RP 11/20/16 22.45825 89.46233 23.3 
 
7.6 
 
1100 
  
SS-118 RP 11/21/16 22.43757 89.43554 23 
 
7.1 
 
2400 
  
SS-118 TC 11/21/16 22.44272 89.43465 27.1 
 
7.6 
 
2370 
  
SS-119 RP 11/21/16 22.43628 89.43864 26.2 
 
7.5 
 
1150 
  
SS-123 TC 11/21/16 22.53563 89.45116 26.2 
 
7.5 
 
1150 
  
SS-123 RP 11/21/16 22.53799 89.18375 22.3 
 
7.4 
 
1260 
  
Sundarbans TC 11/20/16 22.45916 89.46772 25.6 
 
7.7 
 
2410 
  
Sundarbans TC 11/20/16 22.45916 89.46772 25.6 
 
7.7 
 
2410 
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Table 8.  Measurements for water samples analyzed by IC-TOC (A=aquaculture, Blank=DI blank, 
PSF=pond sand filter, RP=rice paddy, SS=Sundarbans soil water, TC=tidal channel, TW=tube well). 
Values are shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude Cl Br NO3 DIC DOC 
BEMS-09 TW 5/15/16 22.98762 89.48538 3.04 1.18 
 
2.01 
 
BEMS-09 TW 5/15/16 22.98911 89.48505 2.96 1.17 
 
2.03 2.02 
BEMS-09 RP 5/15/16 22.98767 89.48531 3.01 1.18 
 
1.93 2.03 
BEMS-09 RP 5/15/16 22.98790 89.48531 3.01 1.18 
 
1.93 2.02 
BEMS-09 RP 5/15/16 22.98826 89.48533 3.01 1.18 
 
1.91 2.04 
BEMS-09 RP 5/15/16 22.98783 89.48572 3.43 1.17 0.47 1.37 
 
BEMS-09 RP 5/15/16 22.98837 89.48575 3.09 1.18 
 
1.80 
 
BEMS-09 RP 5/15/16 22.98807 89.48574 3.30 1.17 
 
1.60 
 
BEMS-09 RP 5/15/16 22.98846 89.48514 3.02 1.26 -0.85 1.72 1.82 
BEMS-09 RP 5/15/16 22.98904 89.48508 3.02 1.25 
 
1.88 1.90 
BEMS-09 RP 5/15/16 22.98875 89.48512 3.12 1.24 
 
1.50 1.88 
BEMS-09 A 5/15/16 22.98944 89.48486 2.70 0.87 
 
1.09 1.51 
BEMS-09 A 5/15/16 22.98879 89.48541 3.02 1.26 
 
1.05 
 
BEMS-09 A 5/15/16 22.98879 89.48541 3.02 1.26 
 
1.05 1.49 
BEMS-02 A 5/16/16 22.53952 89.58504 3.99 1.74 
 
1.29 
 
BEMS-02 A 5/16/16 22.53952 89.58504 3.99 1.74 
 
1.29 1.48 
BEMS-02 A 5/16/16 22.98819 89.48934 3.99 1.74 
 
1.29 1.49 
BEMS-02 A 5/16/16 22.98819 89.48934 3.98 1.74 
 
1.30 1.48 
BEMS-02 A 5/16/16 22.54076 89.58483 3.98 1.74 
 
1.32 1.49 
BEMS-02 A 5/16/16 22.54076 89.58483 3.99 1.74 
 
1.32 1.47 
BEMS-02 A 5/16/16 22.51524 89.59555 3.99 1.74 
 
1.51 
 
BEMS-02 A 5/16/16 22.51524 89.59555 3.99 1.74 
 
1.51 1.71 
BEMS-02 A 5/17/16 22.51475 89.59619 4.04 1.77 
 
1.57 1.75 
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Site Sample 
Type 
Date Latitude Longitude Cl Br NO3 DIC DOC 
BEMS-02 A 5/17/16 22.51577 89.59651 4.03 1.76 
 
1.43 
 
BEMS-08 BLANK 5/18/16 
  
0.88 
 
-0.85 -0.71 -0.25 
BEMS-08 RP 5/18/16 22.71134 89.17664 3.76 1.65 0.93 1.46 1.70 
BEMS-08 RP 5/18/16 22.71162 89.17565 3.95 1.72 
 
1.47 1.71 
BEMS-08 RP 5/18/16 22.71162 89.17565 3.94 1.72 
 
1.43 1.69 
BEMS-08 A 5/18/16 22.71464 89.18433 2.63 0.82 0.28 1.55 1.76 
BEMS-08 A 5/18/16 22.71464 89.18433 2.61 0.83 0.87 1.54 1.77 
BEMS-08 A 5/18/16 22.71452 89.18457 2.66 0.81 0.28 1.39 1.61 
BEMS-08 A 5/18/16 22.71155 89.17555 3.99 1.75 
 
1.39 1.54 
BEMS-08 A 5/18/16 22.74123 89.20631 1.73 0.14 
 
1.40 
 
BEMS-08 A 5/18/16 22.74123 89.20631 1.73 0.13 
 
1.41 1.61 
BEMS-08 PSF 5/18/16 22.71680 89.18273 1.83 0.13 -0.04 1.29 1.48 
BEMS-08 TC 5/18/16 22.71156 89.17551 4.03 1.76 
 
1.36 
 
BEMS-08 TC 5/18/16 22.74154 89.20609 1.73 0.13 
 
1.53 1.69 
BEMS-08 TW 5/18/16 22.71388 89.18400 2.46 0.84 
 
1.98 
 
BEMS-03 A 5/19/16 22.87129 89.30414 3.89 1.70 
 
1.37 1.55 
BEMS-03 TC 5/19/16 22.87128 89.30409 3.95 1.72 
 
1.38 1.54 
BEMS-03 TW 5/19/16 22.86908 89.30638 2.84 0.89 0.21 1.99 
 
BEMS-03 RP 5/19/16 22.86901 89.30646 2.84 0.89 0.17 1.99 
 
BEMS-08 RP 5/19/16 22.74039 89.20609 1.74 0.13 -0.56 1.43 1.69 
BEMS-09 BLANK 5/20/16 
  
0.03 
 
-0.83 
 
-0.56 
BEMS-09 A 5/20/16 22.98799 89.49035 3.70 1.87 1.41 1.36 1.58 
BEMS-09 A 5/20/16 22.98798 89.48966 3.26 1.55 
 
1.48 1.72 
BEMS-09 A 5/20/16 22.98819 89.48934 3.57 1.60 
 
1.40 1.64 
BEMS-09 A 5/20/16 22.98819 89.48934 3.56 1.60 
 
1.43 1.66 
BEMS-09 TC 5/20/16 22.98780 89.48970 3.76 1.88 
 
1.43 
 
Sundarbans TC 5/24/16 22.60250 89.48444 4.04 1.77 -0.86 1.39 1.49 
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Site Sample 
Type 
Date Latitude Longitude Cl Br NO3 DIC DOC 
RAIN RAIN 5/25/16 
  
0.92 -0.19 -0.32 -0.24 -0.18 
BEMS-02 A 11/23/16 22.53955 89.58501 2.56 0.98 
 
1.46 1.46 
BEMS-02 A 11/23/16 22.53955 89.58501 2.57 0.98 
 
1.46 1.45 
BEMS-02 A 11/23/16 22.54073 89.58481 2.50 0.97 
 
1.46 1.45 
BEMS-02 A 11/23/16 22.51509 89.59540 2.89 1.28 
 
1.61 1.60 
BEMS-02 A 11/23/16 22.51478 89.59620 2.84 1.27 
 
1.60 1.59 
BEMS-02 A 11/23/16 22.51577 89.59653 2.80 1.27 
 
1.59 1.57 
BEMS-02 A 11/23/16 22.51577 89.59653 2.81 1.27 
 
1.61 1.58 
BEMS-03 RP 11/18/16 22.86901 89.30646 1.75 
 
0.31 1.56 1.55 
BEMS-03 RP 11/18/16 22.86901 89.30646 1.75 
 
0.31 1.57 1.55 
BEMS-03 RP 11/18/16 22.86916 89.30638 1.83 
  
1.51 1.50 
BEMS-03 RP 11/18/16 22.87164 89.30554 3.01 1.66 
 
1.45 1.47 
BEMS-03 A 11/18/16 22.87126 89.30413 3.01 1.66 
 
1.45 0.70 
BEMS-03 TC 11/18/16 22.87128 89.30406 2.81 1.27 
 
1.44 0.67 
BEMS-08 RP 11/15/16 22.71464 89.18436 1.77 
  
1.57 1.58 
BEMS-08 RP 11/15/16 22.71401 89.18405 1.82 
  
1.59 1.58 
BEMS-08 RP 11/15/16 22.71401 89.18405 1.78 
  
1.57 1.58 
BEMS-08 RP 11/17/16 22.71133 89.17663 3.13 1.67 
 
1.65 1.65 
BEMS-08 RP 11/17/16 22.71133 89.17663 3.13 1.67 
 
1.65 1.65 
BEMS-08 RP 11/17/16 22.71162 89.17565 3.05 1.66 
 
1.70 1.69 
BEMS-08 RP 11/17/16 22.71162 89.17565 3.00 1.66 
 
1.67 1.68 
BEMS-08 RP 11/15/16 22.74021 89.20722 1.45 
  
1.46 1.48 
BEMS-08 RP 11/15/16 22.74021 89.20746 1.45 
  
1.46 1.47 
BEMS-08 RP 11/15/16 22.74018 89.20733 1.45 
  
1.45 1.48 
BEMS-08 RP 11/15/16 22.73974 89.20774 1.45 
  
1.43 1.47 
BEMS-08 RP 11/15/16 22.73966 89.20790 1.45 
  
1.44 1.47 
BEMS-08 RP 11/15/16 22.73971 89.20800 1.45 
  
1.45 1.48 
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Site Sample 
Type 
Date Latitude Longitude Cl Br NO3 DIC DOC 
BEMS-08 RP 11/15/16 22.74040 89.20609 1.45 
  
1.45 1.48 
BEMS-08 RP 11/15/16 22.74040 89.20609 1.45 
  
1.46 1.48 
BEMS-08 TC 11/17/16 22.71157 89.17552 3.15 1.67 
 
1.59 1.62 
BEMS-08 TC 11/15/16 22.74159 89.20595 1.27 
 
0.31 1.62 1.60 
BEMS-08 A 11/17/16 22.71452 89.18456 1.73 
  
1.54 1.57 
BEMS-08 A 11/17/16 22.71155 89.17555 3.10 1.08 
 
1.61 1.61 
BEMS-08 A 11/15/16 22.74125 89.20630 1.46 
  
1.44 1.48 
BEMS-09 RP 11/13/16 22.98788 89.48534 2.11 0.95 
 
1.39 1.43 
BEMS-09 RP 11/13/16 22.98788 89.48534 2.10 0.95 
 
1.40 1.43 
BEMS-09 RP 11/13/16 22.98807 89.48575 2.19 0.95 
 
1.43 1.44 
BEMS-09 RP 11/13/16 22.98869 89.48523 2.13 0.95 
 
1.41 1.45 
BEMS-09 RP 11/14/16 22.98957 89.48494 2.06 0.95 
 
1.39 1.44 
BEMS-09 RP 11/14/16 22.98812 89.48992 2.46 0.97 
 
1.44 1.48 
BEMS-09 RP 11/14/16 22.98847 89.48891 2.26 0.96 
 
1.16 1.26 
BEMS-09 RP 11/14/16 22.98847 89.48891 2.26 0.96 
 
1.12 1.27 
BEMS-09 TC 11/14/16 22.98785 89.48986 2.05 
  
1.37 1.46 
BEMS-09 A 11/13/16 22.98952 89.48471 1.88 
 
1.29 1.05 1.18 
BEMS-09 A 11/13/16 22.98952 89.48471 2.47 0.97 
 
1.41 1.48 
BEMS-09 A 11/14/16 22.98804 89.49033 2.46 0.97 
 
1.41 1.48 
Sundarbans SS 11/20/16 22.45771 89.46807 3.03 1.66 
 
1.40 1.40 
Sundarbans SS 11/20/16 22.45845 89.46806 2.72 1.27 
 
1.68 1.67 
SS-12 RP 11/20/16 22.50638 89.47340 2.62 1.26 
 
1.69 1.68 
SS-12 TW 11/20/16 22.50698 89.47295 2.98 1.65 
 
2.22 2.17 
SS-12 TW 11/20/16 22.50698 89.47295 3.00 1.65 1.07 2.27 2.17 
SS-12 TW 11/20/16 22.50698 89.47295 2.97 1.65 1.11 2.21 2.17 
SS-15 RP 11/20/16 22.50305 89.37932 2.79 1.30 
 
1.56 1.57 
SS-15 RP 11/20/16 22.50305 89.37932 2.82 1.30 0.61 1.56 1.57 
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Site Sample 
Type 
Date Latitude Longitude Cl Br NO3 DIC DOC 
SS-15 PSF 11/20/16 22.49951 89.47971 2.38 0.96 0.30 1.44 1.46 
SS-112 RP 11/20/16 22.45825 89.46233 2.69 1.26 
 
1.53 1.56 
SS-118 RP 11/21/16 22.43757 89.43554 3.09 1.66 
 
1.46 1.48 
SS-118 TC 11/21/16 22.44272 89.43465 3.08 1.66 
 
1.42 0.60 
SS-119 RP 11/21/16 22.43628 89.43864 2.95 1.66 
 
1.58 1.58 
SS-123 TC 11/21/16 22.53563 89.45116 2.71 1.27 
 
1.59 0.54 
SS-123 RP 11/21/16 22.53799 89.18375 2.73 1.27 
 
1.77 1.75 
Sundarbans TC 11/20/16 22.45916 89.46772 3.08 1.66 
 
1.40 1.40 
Sundarbans TC 11/20/16 22.45916 89.46772 3.08 1.66 
 
1.39 1.40 
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Table 9.  Measurements for water samples analyzed by ICP-MS (A=aquaculture, Blank=DI blank, PSF=pond sand filter, RP=rice paddy, 
SS=Sundarbans soil water, TC=tidal channel, TW=tube well). Values are shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude Al As Ba Cr Mo Co V Se Sb Ni 
BEMS-09 TW 5/15/16 22.98762 89.48538 -1.26 -3.21 -0.77 -2.76 
 
-2.72 -2.23 
  
-2.52 
BEMS-09 TW 5/15/16 22.98911 89.48505 -1.33 -2.98 -0.83 -2.89 
 
-3.12 -2.46 
  
-2.82 
BEMS-09 RP 5/15/16 22.98767 89.48531 -1.31 -1.97 -0.95 -2.90 -2.98 -3.47 -1.92 
 
-3.61 -2.63 
BEMS-09 RP 5/15/16 22.98790 89.48531 -1.36 -2.09 -0.99 -2.93 -3.05 -3.35 -1.89 
 
-3.72 -2.63 
BEMS-09 RP 5/15/16 22.98826 89.48533 -1.34 -1.98 -1.05 -2.96 -3.05 -3.31 -1.90 
 
-3.60 -2.60 
BEMS-09 RP 5/15/16 22.98783 89.48572 -1.14 -2.52 -0.32 -2.67 -2.74 -3.10 -1.74 -2.63 -2.98 -1.92 
BEMS-09 RP 5/15/16 22.98837 89.48575 -1.27 -2.23 -0.66 -2.91 -2.97 -3.42 -1.80 
 
-3.21 -2.43 
BEMS-09 RP 5/15/16 22.98807 89.48574 -1.18 -2.46 -0.42 -2.71 -2.70 -3.17 -1.85 -2.87 -3.03 -2.08 
BEMS-09 RP 5/15/16 22.98846 89.48514 -1.37 -2.24 -0.86 -2.66 -2.97 
 
-2.12 
 
-3.66 -2.69 
BEMS-09 RP 5/15/16 22.98904 89.48508 -1.30 -2.16 -0.80 -2.66 
 
-3.25 -2.17 
 
-3.69 -2.57 
BEMS-09 RP 5/15/16 22.98875 89.48512 -1.23 -1.83 -0.66 -2.81 
 
-3.29 -1.62 -3.24 -3.18 -2.36 
BEMS-09 A 5/15/16 22.98944 89.48486 -1.31 -2.47 -1.06 -2.90 -2.82 
 
-2.22 
 
-3.34 -2.89 
BEMS-09 A 5/15/16 22.98879 89.48541 -1.46 -2.36 -0.96 -2.82 -2.91 
 
-1.74 
 
-3.03 -3.29 
BEMS-09 A 5/15/16 22.98879 89.48541 -1.46 -2.35 -0.97 -2.79 -2.88 
 
-1.69 
 
-3.00 -3.24 
BEMS-02 A 5/16/16 22.53952 89.58504 -1.13 -2.28 -0.50 -2.74 -2.47 -3.16 -1.38 -2.24 -3.25 -2.35 
BEMS-02 A 5/16/16 22.53952 89.58504 -1.15 -2.32 -0.52 -2.59 -2.50 -3.21 -1.43 -2.27 -3.26 -2.37 
BEMS-02 A 5/16/16 22.98819 89.48934 -1.13 -2.43 -0.51 -2.86 -2.56 -3.30 -1.52 -2.36 -3.33 -2.44 
BEMS-02 A 5/16/16 22.98819 89.48934 -1.13 -2.36 -0.53 -2.74 -2.47 -3.21 -1.44 -2.27 -3.25 -2.31 
BEMS-02 A 5/16/16 22.54076 89.58483 -1.15 -2.42 -0.56 -2.87 -2.59 -3.32 -1.57 -2.40 -3.37 -2.44 
BEMS-02 A 5/16/16 22.54076 89.58483 -1.15 -2.46 -0.55 -2.84 -2.60 -3.33 -1.59 -2.42 -3.38 -2.44 
BEMS-02 A 5/16/16 22.51524 89.59555 -1.12 -2.42 -0.22 -2.66 -2.25 -3.26 -1.53 -2.39 -3.10 -2.33 
BEMS-02 A 5/16/16 22.51524 89.59555 -1.12 -2.54 -0.20 -2.80 -2.37 -3.39 -1.68 -2.58 -3.27 -2.49 
BEMS-02 A 5/17/16 22.51475 89.59619 -1.14 -2.20 -0.40 -2.80 -2.40 -3.25 -1.54 -2.51 -3.16 -2.37 
BEMS-02 A 5/17/16 22.51577 89.59651 -1.13 -2.71 -0.35 -2.79 -2.16 -3.20 -1.58 -2.46 -3.27 -2.27 
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Site Sample 
Type 
Date Latitude Longitude Al As Ba Cr Mo Co V Se Sb Ni 
BEMS-08 BLANK 5/18/16 
  
-2.68 
 
-3.30 -3.22 
      
BEMS-08 RP 5/18/16 22.71134 89.17664 -1.10 -1.91 -0.57 -3.02 -2.38 -3.31 -1.63 -2.75 -3.19 -2.24 
BEMS-08 RP 5/18/16 22.71162 89.17565 -1.09 -2.47 -0.62 -2.76 -2.40 -2.98 -1.61 -2.45 -3.12 -1.92 
BEMS-08 RP 5/18/16 22.71162 89.17565 -1.08 -2.46 -0.63 -2.76 -2.39 -2.95 -1.60 -2.42 -3.10 -1.91 
BEMS-08 A 5/18/16 22.71464 89.18433 -1.36 -2.58 -0.92 -3.12 -2.68 
 
-2.44 -2.99 -3.28 -2.79 
BEMS-08 A 5/18/16 22.71464 89.18433 -1.37 -2.53 -0.92 -2.76 -2.60 
 
-2.33 -2.89 -3.20 -2.63 
BEMS-08 A 5/18/16 22.71452 89.18457 -1.30 -2.72 -0.87 -2.88 -2.81 
 
-2.55 -3.19 -3.30 -2.64 
BEMS-08 A 5/18/16 22.71155 89.17555 -1.16 -2.62 -0.53 -2.61 -2.40 -3.47 -1.87 -2.50 -3.45 -2.76 
BEMS-08 A 5/18/16 22.74123 89.20631 -1.50 -2.24 -1.62 -3.06 -3.09 
 
-2.84 
 
-3.54 
 
BEMS-08 A 5/18/16 22.74123 89.20631 -1.53 -2.23 -1.61 -3.12 -3.10 
 
-2.81 
 
-3.53 
 
BEMS-08 PSF 5/18/16 22.71680 89.18273 -1.21 -1.97 -1.60 -2.81 -2.43 
 
-2.36 
 
-3.80 -2.96 
BEMS-08 TC 5/18/16 22.71156 89.17551 -1.14 -2.45 -0.51 -2.58 -2.20 -3.11 -1.50 -2.79 -3.26 -2.11 
BEMS-08 TC 5/18/16 22.74154 89.20609 -1.64 -1.71 -1.84 -2.78 
  
-2.54 
 
-3.54 
 
BEMS-08 TW 5/18/16 22.71388 89.18400 -1.25 -1.00 -0.37 -2.90 -3.02 -3.26 -3.11 
  
-2.57 
BEMS-03 A 5/19/16 22.87129 89.30414 -1.14 -2.16 -0.39 -2.66 -2.31 -3.20 -1.61 -2.46 -3.09 -2.27 
BEMS-03 TC 5/19/16 22.87128 89.30409 -1.17 -2.67 -0.51 -2.83 -2.28 -3.20 -1.61 -2.45 -3.20 -2.30 
BEMS-03 TW 5/19/16 22.86908 89.30638 -1.35 -0.85 -0.40 -2.76 -2.56 -3.56 -2.38 
  
-2.94 
BEMS-03 RP 5/19/16 22.86901 89.30646 -1.35 -0.91 -0.45 -2.98 -2.55 -3.45 -2.44 
  
-2.82 
BEMS-08 RP 5/19/16 22.74039 89.20609 -1.71 -1.90 -1.60 -2.96 -3.01 
 
-2.11 
 
-3.40 
 
BEMS-09 BLANK 5/20/16 
  
-3.30 -3.10 
 
-3.00 
      
BEMS-09 A 5/20/16 22.98799 89.49035 -1.11 -2.85 -0.29 -2.84 -2.42 -3.36 -1.94 -3.16 -3.23 -2.27 
BEMS-09 A 5/20/16 22.98798 89.48966 -1.22 -2.78 -0.45 -2.84 -2.44 -3.46 -2.33 
 
-3.19 -2.49 
BEMS-09 A 5/20/16 22.98819 89.48934 -1.17 -2.80 -0.57 -2.98 -2.60 -3.43 -2.00 -3.00 -3.33 -2.37 
BEMS-09 A 5/20/16 22.98819 89.48934 -1.11 -2.82 -0.57 -3.01 -2.61 -3.48 -2.01 -3.02 -3.36 -2.38 
BEMS-09 TC 5/20/16 22.98780 89.48970 -1.23 -2.37 -0.52 -2.61 -2.38 -3.41 -1.70 -3.13 -3.26 -2.32 
Sundarbans TC 5/24/16 22.60250 89.48444 -1.14 -2.71 -0.91 -2.68 -2.22 -3.13 -1.41 -2.34 -3.36 -2.32 
RAIN RAIN 5/25/16 
  
-2.03 -2.59 -2.33 -2.87 
 
-3.34 
  
-3.96 
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Site Sample 
Type 
Date Latitude Longitude Al As Ba Cr Mo Co V Se Sb Ni 
BEMS-02 A 11/23/16 22.53955 89.58501 -1.46 -3.21 -0.36 -3.25 -3.50 -4.95 -3.08 -3.51 -7.18 -3.86 
BEMS-02 A 11/23/16 22.53955 89.58501 -1.56 -3.33 -0.52 -3.43 -3.65 -5.12 -3.20 -3.64 -4.32 -4.06 
BEMS-02 A 11/23/16 22.54073 89.58481 -1.49 -3.96 -1.00 -3.94 -4.17 -5.47 -3.70 -4.22 -4.82 -4.50 
BEMS-02 A 11/23/16 22.51509 89.59540 -1.47 -2.58 0.41 -2.78 -3.02 -4.48 -2.60 -2.75 -3.74 -3.41 
BEMS-02 A 11/23/16 22.51478 89.59620 -1.47 -3.51 -0.45 -3.70 -3.89 -5.33 -3.50 -3.67 -4.40 -4.23 
BEMS-02 A 11/23/16 22.51577 89.59653 -1.38 -3.77 -0.75 -3.80 -4.04 -5.51 -3.72 -3.86 -4.90 -4.41 
BEMS-02 A 11/23/16 22.51577 89.59653 -1.45 -3.74 -0.71 -3.82 -4.03 -5.43 -3.75 -3.84 -4.79 -4.38 
BEMS-03 RP 11/18/16 22.86901 89.30646 -1.56 -3.47 0.25 -3.18 -3.49 -4.69 -2.88 -4.19 -3.91 -3.82 
BEMS-03 RP 11/18/16 22.86901 89.30646 -1.48 -3.52 -0.05 -3.12 -3.59 -4.97 -3.20 -4.15 -4.00 -3.94 
BEMS-03 RP 11/18/16 22.86916 89.30638 -1.62 -3.52 -0.36 -3.39 -3.68 -5.20 -3.46 -4.38 -4.21 -4.15 
BEMS-03 RP 11/18/16 22.87164 89.30554 -1.26 -3.31 -0.31 -3.94 -4.14 -5.18 -3.42 -3.63 -4.54 -4.28 
BEMS-03 A 11/18/16 22.87126 89.30413 -1.31 -3.31 -0.27 -3.98 -4.10 -5.15 -3.40 -3.61 -4.50 -4.24 
BEMS-03 TC 11/18/16 22.87128 89.30406 -1.46 -3.02 0.00 -3.54 -3.62 -4.91 -3.13 -3.34 -4.00 -3.84 
BEMS-08 RP 11/15/16 22.71464 89.18436 -1.64 -3.12 -0.18 -3.03 -4.16 -4.86 -3.21 -4.32 -4.33 -3.82 
BEMS-08 RP 11/15/16 22.71401 89.18405 -1.57 -3.07 0.00 -2.98 -4.08 -4.70 -3.16 -4.20 -4.22 -3.74 
BEMS-08 RP 11/15/16 22.71401 89.18405 -1.66 -3.09 -0.08 -3.03 -4.19 -4.77 -3.15 -4.17 -4.30 -3.83 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.25 -2.99 0.61 -3.44 -3.73 -4.95 -3.10 -3.16 -4.15 -3.91 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.34 -2.88 0.71 -3.36 -3.63 -4.83 -3.09 -3.14 -4.10 -3.75 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.40 -2.73 0.24 -3.19 -3.52 -4.84 -3.01 -3.11 -4.15 -3.74 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.41 -2.72 0.25 -3.21 -3.56 -4.83 -3.00 -3.13 -4.15 -3.72 
BEMS-08 RP 11/15/16 22.74021 89.20722 -1.70 -2.79 -0.73 -3.13 -3.77 -4.79 -3.08 
 
-4.31 -3.80 
BEMS-08 RP 11/15/16 22.74021 89.20746 -1.71 -2.69 -0.58 -3.00 -3.66 -4.70 -3.00 -4.50 -4.21 -3.70 
BEMS-08 RP 11/15/16 22.74018 89.20733 -1.68 -2.88 -0.74 -3.13 -3.83 -4.89 -3.19 -4.59 -4.38 -3.87 
BEMS-08 RP 11/15/16 22.73974 89.20774 -1.70 -2.91 -0.76 -3.25 -3.88 -4.90 -3.28 -4.84 -4.43 -3.84 
BEMS-08 RP 11/15/16 22.73966 89.20790 -1.69 -2.67 -0.58 -3.00 -3.64 -4.68 -3.03 -4.69 -4.17 -3.69 
BEMS-08 RP 11/15/16 22.73971 89.20800 -1.68 -2.69 -0.51 -3.03 -3.66 -4.73 -3.10 
 
-4.19 -3.69 
BEMS-08 RP 11/15/16 22.74040 89.20609 -1.67 -2.62 -0.39 -2.97 -3.62 -4.65 -3.05 -7.38 -4.17 -3.69 
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Site Sample 
Type 
Date Latitude Longitude Al As Ba Cr Mo Co V Se Sb Ni 
BEMS-08 RP 11/15/16 22.74040 89.20609 -1.67 -2.57 -0.30 -2.94 -3.53 -4.60 -3.04 
 
-4.09 -3.57 
BEMS-08 TC 11/17/16 22.71157 89.17552 
 
-1.70 0.51 -2.95 -3.32 -4.49 -2.64 -2.64 -3.97 -3.39 
BEMS-08 TC 11/15/16 22.74159 89.20595 
 
-1.98 -0.18 -3.18 -3.94 -4.99 -3.23 
 
-4.44 -3.87 
BEMS-08 A 11/17/16 22.71452 89.18456 -1.64 -2.93 0.06 -2.83 -3.98 -4.65 -3.03 -3.92 -4.27 -3.50 
BEMS-08 A 11/17/16 22.71155 89.17555 -1.40 -2.56 0.50 -3.02 -3.25 -4.60 -2.71 -2.75 -4.02 -3.50 
BEMS-08 A 11/15/16 22.74125 89.20630 -1.68 -2.74 -0.56 -3.05 -3.73 -4.75 -3.11 
 
-4.28 -3.74 
BEMS-09 RP 11/13/16 22.98788 89.48534 -1.55 -3.82 -0.81 -3.69 -4.15 -5.19 -3.37 -4.35 -4.27 -4.52 
BEMS-09 RP 11/13/16 22.98788 89.48534 -1.57 -3.70 -0.67 -3.65 -4.08 -5.09 -3.33 -4.23 -4.13 -4.41 
BEMS-09 RP 11/13/16 22.98807 89.48575 -1.60 -3.49 -0.42 -3.49 -3.92 -5.21 -3.20 -3.98 -4.08 -4.25 
BEMS-09 RP 11/13/16 22.98869 89.48523 -1.42 -3.96 -1.07 -4.13 -4.46 -5.66 -3.60 -4.58 -4.62 -4.83 
BEMS-09 RP 11/14/16 22.98957 89.48494 -1.54 -3.80 -0.80 -3.81 -4.27 -5.38 -3.44 -4.38 -4.43 -4.54 
BEMS-09 RP 11/14/16 22.98812 89.48992 -1.46 -3.85 -0.93 -4.55 -4.38 -5.49 -3.76 -4.47 -4.60 -4.75 
BEMS-09 RP 11/14/16 22.98847 89.48891 -1.50 -3.85 -0.96 -4.58 -4.51 -5.53 -3.75 -4.52 -4.61 -4.81 
BEMS-09 RP 11/14/16 22.98847 89.48891 -1.49 -3.89 -1.02 -4.70 -4.51 -5.57 -3.79 -4.46 -4.62 -4.84 
BEMS-09 TC 11/14/16 22.98785 89.48986 -1.79 -2.94 0.16 -2.87 -3.58 -4.53 -2.95 -3.54 -4.13 -3.56 
BEMS-09 A 11/13/16 22.98952 89.48471 -1.65 -3.41 -0.44 -3.96 -4.15 -5.24 -3.28 -3.63 -4.35 -4.23 
BEMS-09 A 11/13/16 22.98952 89.48471 -1.50 
 
0.29 -2.87 -3.09 -4.57 -2.76 -3.22 -3.70 -3.62 
BEMS-09 A 11/14/16 22.98804 89.49033 -1.51 -2.84 -0.04 -3.20 -3.41 -4.86 -3.08 -3.48 -4.02 -3.91 
Sundarbans SS 11/20/16 22.45771 89.46807 -1.49 -2.34 0.43 -2.88 -3.10 -4.37 -2.30 -2.48 -3.71 -3.21 
Sundarbans SS 11/20/16 22.45845 89.46806 -1.56 -2.57 0.14 -2.65 -3.25 -4.51 -2.57 -2.82 -4.10 -3.33 
SS-12 RP 11/20/16 22.50638 89.47340 -1.39 -2.55 0.16 -2.54 -3.11 -4.28 -2.61 -2.92 -3.96 -3.13 
SS-12 TW 11/20/16 22.50698 89.47295 -1.69 -1.79 0.60 -1.76 -2.91 -3.30 -1.99 -2.25 -4.36 -3.12 
SS-12 TW 11/20/16 22.50698 89.47295 -1.67 -1.89 0.55 -1.88 -3.17 -3.37 -2.02 -2.30 -4.63 -3.15 
SS-12 TW 11/20/16 22.50698 89.47295 -1.63 -2.01 0.47 -2.07 -3.38 -3.60 -2.17 -2.47 -4.67 -3.31 
SS-15 RP 11/20/16 22.50305 89.37932 -1.46 -2.69 0.22 -2.84 -3.59 -4.55 -2.48 -2.88 -3.98 -3.17 
SS-15 RP 11/20/16 22.50305 89.37932 -1.41 -2.63 0.50 -2.80 -3.61 -4.28 -2.45 -2.79 -3.97 -3.15 
SS-15 PSF 11/20/16 22.49951 89.47971 -1.56 -2.86 0.48 -2.69 -2.76 -4.31 -2.41 -3.21 -3.63 -3.20 
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Site Sample 
Type 
Date Latitude Longitude Al As Ba Cr Mo Co V Se Sb Ni 
SS-112 RP 11/20/16 22.45825 89.46233 -1.59 -2.76 -0.42 -2.84 -4.00 -4.64 -2.84 -3.01 -4.47 -3.57 
SS-118 RP 11/21/16 22.43757 89.43554 -1.40 -2.85 -0.12 -3.30 -3.92 -4.66 -2.89 -2.94 -4.93 -3.60 
SS-118 TC 11/21/16 22.44272 89.43465 -1.45 -2.24 0.41 -2.80 -3.05 -4.28 -2.22 -2.44 -3.71 -3.16 
SS-119 RP 11/21/16 22.43628 89.43864 -1.44 -2.27 0.18 -2.53 -3.41 -4.27 -2.37 -2.46 -4.32 -3.17 
SS-123 TC 11/21/16 22.53563 89.45116 -1.47 -2.42 0.41 -2.48 -3.35 -4.28 -2.44 -2.68 -3.92 -3.13 
SS-123 RP 11/21/16 22.53799 89.18375 -1.39 -2.72 0.04 -2.72 -3.92 -4.49 -2.88 -3.07 -4.50 -3.40 
Sundarbans TC 11/20/16 22.45916 89.46772 -1.48 -2.02 0.79 -2.45 -2.80 -3.94 -2.00 -2.22 -3.36 -2.94 
Sundarbans TC 11/20/16 22.45916 89.46772 -1.49 -2.03 0.65 -2.49 -2.89 -4.09 -2.00 -2.22 -3.40 -5.96 
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Table 10.  Measurements for water samples analyzed by ICP-OES (A=aquaculture, Blank=DI blank, 
PSF=pond sand filter, RP=rice paddy, SS=Sundarbans soil water, TC=tidal channel, TW=tube well). 
Values are shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude B Ca Zn Fe Cu K 
BEMS-09 TW 5/15/16 22.98762 89.48538 -0.75 1.96 -2.77 -1.24 -2.57 0.47 
BEMS-09 TW 5/15/16 22.98911 89.48505 -0.94 2.57 -2.57 -1.94 -1.95 0.93 
BEMS-09 RP 5/15/16 22.98767 89.48531 -0.80 2.17 -2.96 -1.31 -2.35 0.70 
BEMS-09 RP 5/15/16 22.98790 89.48531 -0.94 2.46 -2.80 -1.29 -2.12 0.82 
BEMS-09 RP 5/15/16 22.98826 89.48533 -0.86 1.98 -2.80 -1.30 -2.55 0.56 
BEMS-09 RP 5/15/16 22.98783 89.48572 -0.61 2.07 -2.92 -1.08 
 
0.77 
BEMS-09 RP 5/15/16 22.98837 89.48575 -0.81 2.24 -2.68 -0.78 -2.20 1.04 
BEMS-09 RP 5/15/16 22.98807 89.48574 -1.06 1.81 -2.44 -2.28 
 
0.62 
BEMS-09 RP 5/15/16 22.98846 89.48514 -0.82 1.72 
 
-2.42 
 
0.49 
BEMS-09 RP 5/15/16 22.98904 89.48508 -0.82 1.70 
 
-2.68 -2.60 0.49 
BEMS-09 RP 5/15/16 22.98875 89.48512 0.33 2.34 -2.66 -2.89 -2.14 2.44 
BEMS-09 A 5/15/16 22.98944 89.48486 0.32 2.33 -2.31 -2.77 -2.19 2.43 
BEMS-09 A 5/15/16 22.98879 89.48541 0.33 2.34 -2.57 -2.59 -2.29 2.44 
BEMS-09 A 5/15/16 22.98879 89.48541 0.34 2.34 -2.06 -2.32 -2.06 2.44 
BEMS-02 A 5/16/16 22.53952 89.58504 0.35 2.34 -2.60 -2.70 -2.21 2.45 
BEMS-02 A 5/16/16 22.53952 89.58504 0.35 2.34 -2.85 -2.70 -2.31 2.45 
BEMS-02 A 5/16/16 22.98819 89.48934 0.30 2.32 -2.57 -2.62 -2.15 2.38 
BEMS-02 A 5/16/16 22.98819 89.48934 0.30 2.34 -2.40 -2.77 -2.07 2.39 
BEMS-02 A 5/16/16 22.54076 89.58483 0.34 2.36 -2.66 -2.59 -2.17 2.43 
BEMS-02 A 5/16/16 22.54076 89.58483 0.35 2.45 -2.52 -2.82 -2.20 2.46 
BEMS-02 A 5/16/16 22.51524 89.59555 -1.98 -0.21 -1.74 -2.68 -2.03 -0.91 
BEMS-02 A 5/16/16 22.51524 89.59555 0.09 2.43 -2.54 -2.25 -2.02 2.20 
BEMS-02 A 5/17/16 22.51475 89.59619 0.23 2.66 -2.43 -2.17 -1.92 2.35 
85 
 
Site Sample 
Type 
Date Latitude Longitude B Ca Zn Fe Cu K 
BEMS-02 A 5/17/16 22.51577 89.59651 0.23 2.65 -2.38 -2.11 -1.90 2.35 
BEMS-08 BLANK 5/18/16 
  
-1.04 1.90 -3.00 -3.00 -2.35 1.01 
BEMS-08 RP 5/18/16 22.71134 89.17664 -1.06 1.90 -2.74 -2.89 -2.19 1.01 
BEMS-08 RP 5/18/16 22.71162 89.17565 -1.14 2.05 
 
-3.15 -2.41 1.07 
BEMS-08 RP 5/18/16 22.71162 89.17565 0.32 2.37 -2.60 -2.38 -2.29 2.43 
BEMS-08 A 5/18/16 22.71464 89.18433 -0.87 1.40 
 
-2.62 
 
0.59 
BEMS-08 A 5/18/16 22.71464 89.18433 -1.05 1.39 
 
-2.70 
 
0.59 
BEMS-08 A 5/18/16 22.71452 89.18457 -1.14 1.71 -1.48 -2.40 
 
1.11 
BEMS-08 A 5/18/16 22.71155 89.17555 0.38 2.38 -2.37 -2.15 -2.15 2.48 
BEMS-08 A 5/18/16 22.74123 89.20631 -0.89 1.56 -2.80 -2.60 
 
0.49 
BEMS-08 A 5/18/16 22.74123 89.20631 -0.98 2.17 -2.85 0.51 
 
0.85 
BEMS-08 PSF 5/18/16 22.71680 89.18273 0.22 2.39 -1.77 -2.39 -2.10 2.30 
BEMS-08 TC 5/18/16 22.71156 89.17551 0.31 2.34 -2.26 -2.52 -2.28 2.41 
BEMS-08 TC 5/18/16 22.74154 89.20609 -0.55 1.99 -2.72 0.21 
 
0.80 
BEMS-08 TW 5/18/16 22.71388 89.18400 -0.65 2.00 -2.77 -1.31 -2.57 0.81 
BEMS-03 A 5/19/16 22.87129 89.30414 -0.87 1.14 
 
-1.92 
 
0.62 
BEMS-03 TC 5/19/16 22.87128 89.30409 
 
-0.80 -2.89 -3.52 
 
-1.61 
BEMS-03 TW 5/19/16 22.86908 89.30638 -0.01 2.36 -2.57 -1.75 -2.37 2.07 
BEMS-03 RP 5/19/16 22.86901 89.30646 -0.43 2.17 -2.89 -3.15 
 
1.44 
BEMS-08 RP 5/19/16 22.74039 89.20609 -0.12 2.26 -2.89 -2.11 -2.18 1.92 
BEMS-09 BLANK 5/20/16 
  
-0.11 2.25 -2.82 -2.09 -2.17 1.92 
BEMS-09 A 5/20/16 22.98799 89.49035 0.11 2.17 -2.55 -2.89 -2.41 2.21 
BEMS-09 A 5/20/16 22.98798 89.48966 0.40 2.36 -1.11 -2.08 -1.33 2.52 
BEMS-09 A 5/20/16 22.98819 89.48934 -1.97 0.31 -0.43 -1.87 -1.27 -0.17 
BEMS-09 A 5/20/16 22.98819 89.48934 -0.84 1.43 -1.40 -2.10 -2.82 1.21 
BEMS-09 TC 5/20/16 22.98780 89.48970 -0.82 1.42 -1.42 -2.29 -2.66 1.21 
Sundarbans TC 5/24/16 22.60250 89.48444 -0.90 1.47 -1.40 -2.15 -3.05 1.16 
86 
 
Site Sample 
Type 
Date Latitude Longitude B Ca Zn Fe Cu K 
RAIN RAIN 5/25/16 
  
-0.62 1.59 -1.53 -2.42 -3.22 1.44 
BEMS-02 A 11/23/16 22.53955 89.58501 -0.63 1.56 -1.49 -2.44 -3.10 1.41 
BEMS-02 A 11/23/16 22.53955 89.58501 -0.65 1.58 -1.54 -2.42 -2.66 1.39 
BEMS-02 A 11/23/16 22.54073 89.58481 -0.66 1.57 -1.52 -2.40 -2.62 1.37 
BEMS-02 A 11/23/16 22.51509 89.59540 -1.33 1.59 -1.54 -2.55 -2.66 0.48 
BEMS-02 A 11/23/16 22.51478 89.59620 -1.37 1.58 -1.45 -2.62 -2.74 0.47 
BEMS-02 A 11/23/16 22.51577 89.59653 -1.27 1.48 -1.46 -2.70 -2.92 0.62 
BEMS-02 A 11/23/16 22.51577 89.59653 -0.61 1.86 -1.35 -3.00 -2.29 1.25 
BEMS-03 RP 11/18/16 22.86901 89.30646 -0.59 1.87 -1.35 -2.80 -2.68 1.25 
BEMS-03 RP 11/18/16 22.86901 89.30646 -0.76 1.78 -1.33 -3.15 -2.49 1.10 
BEMS-03 RP 11/18/16 22.86916 89.30638 -1.43 1.52 -1.47 -2.96 -3.05 0.29 
BEMS-03 RP 11/18/16 22.87164 89.30554 -1.46 1.58 -1.54 -3.22 -3.30 0.54 
BEMS-03 A 11/18/16 22.87126 89.30413 -1.45 1.57 -1.50 -3.52 -3.40 0.53 
BEMS-03 TC 11/18/16 22.87128 89.30406 -0.48 1.93 -1.52 -2.64 -2.51 1.49 
BEMS-08 RP 11/15/16 22.71464 89.18436 -0.47 1.93 -1.57 -2.60 -2.57 1.49 
BEMS-08 RP 11/15/16 22.71401 89.18405 -0.44 1.80 -1.56 -2.64 -2.64 1.49 
BEMS-08 RP 11/15/16 22.71401 89.18405 -0.47 1.77 -1.58 -2.70 -2.60 1.45 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.35 1.52 -1.45 -3.10 
 
0.73 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.35 1.53 -1.45 -3.70 -2.92 0.73 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.36 1.52 -1.50 
 
-3.40 0.73 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.33 1.55 -1.44 -3.40 -2.82 0.76 
BEMS-08 RP 11/15/16 22.74021 89.20722 -1.35 1.52 -1.46 -3.52 -2.00 0.72 
BEMS-08 RP 11/15/16 22.74021 89.20746 -1.33 1.55 -1.46 -3.22 -3.10 0.75 
BEMS-08 RP 11/15/16 22.74018 89.20733 -1.31 1.55 -1.45 -3.52 -2.92 0.75 
BEMS-08 RP 11/15/16 22.73974 89.20774 -1.36 1.53 -1.58 -3.70 -2.96 0.72 
BEMS-08 RP 11/15/16 22.73966 89.20790 -0.50 1.83 -1.55 
  
1.48 
BEMS-08 RP 11/15/16 22.73971 89.20800 -0.45 1.77 -1.54 
 
-2.40 1.49 
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Site Sample 
Type 
Date Latitude Longitude B Ca Zn Fe Cu K 
BEMS-08 RP 11/15/16 22.74040 89.20609 -1.47 1.55 -1.49 -2.89 -2.51 0.46 
BEMS-08 RP 11/15/16 22.74040 89.20609 -0.44 1.80 -1.53 -3.52 -2.36 1.52 
BEMS-08 TC 11/17/16 22.71157 89.17552 -1.30 1.52 -1.46 -3.70 -2.92 0.73 
BEMS-08 TC 11/15/16 22.74159 89.20595 -1.35 1.52 -1.44 -3.52 -2.68 0.41 
BEMS-08 A 11/17/16 22.71452 89.18456 -1.37 1.50 -1.43 -3.15 -2.74 0.40 
BEMS-08 A 11/17/16 22.71155 89.17555 -1.36 1.56 -1.44 -4.00 -2.57 0.55 
BEMS-08 A 11/15/16 22.74125 89.20630 -1.35 1.53 -1.41 -4.00 -2.74 0.36 
BEMS-09 RP 11/13/16 22.98788 89.48534 -1.42 1.53 -1.43 -3.00 -3.30 0.25 
BEMS-09 RP 11/13/16 22.98788 89.48534 -1.16 1.61 -1.48 -2.15 -2.64 0.41 
BEMS-09 RP 11/13/16 22.98807 89.48575 -1.25 1.40 -1.21 -2.40 -3.52 0.47 
BEMS-09 RP 11/13/16 22.98869 89.48523 -1.23 1.41 -1.24 -2.52 -3.30 0.49 
BEMS-09 RP 11/14/16 22.98957 89.48494 -1.40 1.45 -1.43 -3.30 
 
0.38 
BEMS-09 RP 11/14/16 22.98812 89.48992 -1.50 1.59 -1.42 
 
-2.89 0.31 
BEMS-09 RP 11/14/16 22.98847 89.48891 -1.16 1.60 -1.44 -2.19 -2.72 0.39 
BEMS-09 RP 11/14/16 22.98847 89.48891 -1.13 1.60 -1.49 -2.38 -2.62 0.40 
BEMS-09 TC 11/14/16 22.98785 89.48986 -0.52 1.70 -1.35 -4.00 -2.48 1.53 
BEMS-09 A 11/13/16 22.98952 89.48471 -0.56 1.57 -1.56 -2.92 -2.85 1.35 
BEMS-09 A 11/13/16 22.98952 89.48471 -0.72 1.77 -1.59 -2.74 -2.55 1.02 
BEMS-09 A 11/14/16 22.98804 89.49033 -0.22 1.47 -1.89 -2.27 
 
1.39 
Sundarbans SS 11/20/16 22.45771 89.46807 -0.20 1.50 -1.84 -2.38 -2.72 1.40 
Sundarbans SS 11/20/16 22.45845 89.46806 -0.22 1.51 -1.82 -2.31 -2.66 1.42 
SS-12 RP 11/20/16 22.50638 89.47340 -0.71 1.77 -1.49 -2.92 -2.68 1.30 
SS-12 TW 11/20/16 22.50698 89.47295 -0.73 1.77 -1.51 -3.15 -2.74 1.31 
SS-12 TW 11/20/16 22.50698 89.47295 -0.89 1.61 -0.92 
 
-2.21 1.17 
SS-12 TW 11/20/16 22.50698 89.47295 -0.80 1.61 -1.43 -3.40 -2.68 1.03 
SS-15 RP 11/20/16 22.50305 89.37932 -0.47 1.79 -1.38 -4.00 -2.92 1.54 
SS-15 RP 11/20/16 22.50305 89.37932 -0.45 1.71 -1.34 -2.77 -2.60 1.59 
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Site Sample 
Type 
Date Latitude Longitude B Ca Zn Fe Cu K 
SS-15 PSF 11/20/16 22.49951 89.47971 -0.53 1.71 -1.48 
 
-3.30 1.40 
SS-112 RP 11/20/16 22.45825 89.46233 -0.75 1.70 -1.50 -2.89 -2.57 1.08 
SS-118 RP 11/21/16 22.43757 89.43554 -0.71 1.83 -1.54 -3.05 -2.68 0.95 
SS-118 TC 11/21/16 22.44272 89.43465 -0.45 1.73 -1.34 -3.52 -2.55 1.59 
SS-119 RP 11/21/16 22.43628 89.43864 -0.46 1.71 -1.37 -3.40 -2.66 1.58 
SS-123 TC 11/21/16 22.53563 89.45116 -0.75 1.70 -1.50 -2.89 -2.57 1.08 
SS-123 RP 11/21/16 22.53799 89.18375 -0.71 1.83 -1.54 -3.05 -2.68 0.95 
Sundarbans TC 11/20/16 22.45916 89.46772 -0.45 1.73 -1.34 -3.52 -2.55 1.59 
Sundarbans TC 11/20/16 22.45916 89.46772 -0.46 1.71 -1.37 -3.40 -2.66 1.58 
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Table 11.  Measurements for water samples analyzed by ICP-OES (A=aquaculture, Blank=DI blank, 
PSF=pond sand filter, RP=rice paddy, SS=Sundarbans soil water, TC=tidal channel, TW=tube well). 
Values are shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude Mg Na P S Si Sr 
BEMS-09 TW 5/15/16 22.98762 89.48538 1.66 2.84 -0.06 0.66 0.50 -0.22 
BEMS-09 TW 5/15/16 22.98911 89.48505 2.10 3.22 -0.97 1.85 0.81 0.35 
BEMS-09 RP 5/15/16 22.98767 89.48531 1.71 2.89 -0.60 0.96 1.09 -0.07 
BEMS-09 RP 5/15/16 22.98790 89.48531 1.96 3.10 -0.82 1.66 0.81 0.22 
BEMS-09 RP 5/15/16 22.98826 89.48533 1.62 2.85 -0.90 0.92 0.50 -0.24 
BEMS-09 RP 5/15/16 22.98783 89.48572 1.65 2.86 -0.70 0.90 1.21 -0.18 
BEMS-09 RP 5/15/16 22.98837 89.48575 1.75 2.96 -0.25 1.07 1.36 -0.07 
BEMS-09 RP 5/15/16 22.98807 89.48574 1.35 2.52 -1.63 0.52 0.10 -0.50 
BEMS-09 RP 5/15/16 22.98846 89.48514 1.53 2.87 -1.29 0.67 0.43 -0.39 
BEMS-09 RP 5/15/16 22.98904 89.48508 1.51 2.85 -1.38 0.67 0.41 -0.40 
BEMS-09 RP 5/15/16 22.98875 89.48512 2.79 3.81 -1.67 2.66 -0.08 0.56 
BEMS-09 A 5/15/16 22.98944 89.48486 2.77 3.80 -1.69 2.64 -0.08 0.55 
BEMS-09 A 5/15/16 22.98879 89.48541 2.78 3.81 -1.55 2.65 -0.15 0.56 
BEMS-09 A 5/15/16 22.98879 89.48541 2.78 3.81 -1.66 2.65 -0.16 0.56 
BEMS-02 A 5/16/16 22.53952 89.58504 2.79 3.82 -1.83 2.66 -0.06 0.56 
BEMS-02 A 5/16/16 22.53952 89.58504 2.79 3.82 -1.41 2.66 -0.07 0.56 
BEMS-02 A 5/16/16 22.98819 89.48934 2.79 3.80 -1.52 2.56 -0.67 0.51 
BEMS-02 A 5/16/16 22.98819 89.48934 2.80 3.81 -1.37 2.56 -0.65 0.53 
BEMS-02 A 5/16/16 22.54076 89.58483 2.84 3.86 -1.50 2.60 0.33 0.54 
BEMS-02 A 5/16/16 22.54076 89.58483 2.84 3.86 -1.48 2.70 0.46 0.63 
BEMS-02 A 5/16/16 22.51524 89.59555 -0.18 0.58 
 
-0.26 -1.55 -2.29 
BEMS-02 A 5/16/16 22.51524 89.59555 2.61 3.58 0.11 2.59 0.22 0.46 
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Site Sample 
Type 
Date Latitude Longitude Mg Na P S Si Sr 
BEMS-02 A 5/17/16 22.51475 89.59619 2.80 3.76 -1.39 2.81 0.02 0.65 
BEMS-02 A 5/17/16 22.51577 89.59651 2.80 3.75 -1.36 2.81 0.02 0.64 
BEMS-08 BLANK 5/18/16 
  
1.58 2.46 -1.80 1.74 -0.28 -0.34 
BEMS-08 RP 5/18/16 22.71134 89.17664 1.57 2.46 -1.72 1.77 -0.26 -0.35 
BEMS-08 RP 5/18/16 22.71162 89.17565 1.61 2.48 -1.82 1.84 -0.08 -0.26 
BEMS-08 RP 5/18/16 22.71162 89.17565 2.78 3.80 -1.60 2.67 -0.44 0.59 
BEMS-08 A 5/18/16 22.71464 89.18433 1.17 1.56 -1.66 0.75 -0.74 -0.82 
BEMS-08 A 5/18/16 22.71464 89.18433 1.17 1.56 -1.76 0.76 -0.99 -0.83 
BEMS-08 A 5/18/16 22.71452 89.18457 1.24 1.63 -1.22 1.64 0.60 -0.66 
BEMS-08 A 5/18/16 22.71155 89.17555 2.82 3.84 -1.46 2.71 -0.09 0.62 
BEMS-08 A 5/18/16 22.74123 89.20631 1.20 1.55 -1.77 0.65 0.19 -0.74 
BEMS-08 A 5/18/16 22.74123 89.20631 1.69 2.25 -0.27 0.24 1.30 -0.14 
BEMS-08 PSF 5/18/16 22.71680 89.18273 2.68 3.72 -1.66 2.56 -0.32 0.50 
BEMS-08 TC 5/18/16 22.71156 89.17551 2.74 3.75 -1.36 2.63 0.23 0.55 
BEMS-08 TC 5/18/16 22.74154 89.20609 1.68 2.66 -0.40 0.32 1.14 -0.22 
BEMS-08 TW 5/18/16 22.71388 89.18400 1.68 2.66 -1.24 0.42 1.13 -0.22 
BEMS-03 A 5/19/16 22.87129 89.30414 1.10 1.55 -1.65 0.64 0.33 -0.90 
BEMS-03 TC 5/19/16 22.87128 89.30409 -1.13 -0.29 
 
-1.14 -1.46 
 
BEMS-03 TW 5/19/16 22.86908 89.30638 2.47 3.53 -1.48 2.35 -0.22 0.32 
BEMS-03 RP 5/19/16 22.86901 89.30646 1.97 3.09 -1.47 1.81 -0.93 -0.08 
BEMS-08 RP 5/19/16 22.74039 89.20609 2.35 3.38 -1.47 2.20 -0.12 0.21 
BEMS-09 BLANK 5/20/16 
  
2.34 3.37 -1.48 2.20 -0.11 0.21 
BEMS-09 A 5/20/16 22.98799 89.49035 2.54 3.58 -1.62 2.41 0.28 0.35 
BEMS-09 A 5/20/16 22.98798 89.48966 2.84 3.88 -1.58 2.72 0.19 0.64 
BEMS-09 A 5/20/16 22.98819 89.48934 -0.17 0.63 -1.75 0.05 -0.94 -1.91 
BEMS-09 A 5/20/16 22.98819 89.48934 1.49 2.36 
 
1.28 0.44 -0.59 
BEMS-09 TC 5/20/16 22.98780 89.48970 1.48 2.36 
 
1.28 0.43 -0.59 
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Site Sample 
Type 
Date Latitude Longitude Mg Na P S Si Sr 
Sundarbans TC 5/24/16 22.60250 89.48444 1.44 2.29 
 
1.27 0.50 -0.59 
RAIN RAIN 5/25/16 
  
1.75 2.68 
 
1.38 0.27 -0.34 
BEMS-02 A 11/23/16 22.53955 89.58501 1.71 2.63 
 
1.38 0.20 -0.35 
BEMS-02 A 11/23/16 22.53955 89.58501 1.68 2.62 
 
1.37 0.33 -0.39 
BEMS-02 A 11/23/16 22.54073 89.58481 1.67 2.60 
 
1.35 0.31 -0.41 
BEMS-02 A 11/23/16 22.51509 89.59540 1.04 1.58 
 
0.22 0.29 -0.73 
BEMS-02 A 11/23/16 22.51478 89.59620 1.03 1.57 
 
0.21 0.28 -0.74 
BEMS-02 A 11/23/16 22.51577 89.59653 1.01 1.63 
 
0.34 0.21 -0.84 
BEMS-02 A 11/23/16 22.51577 89.59653 1.80 2.82 -1.55 1.60 -1.51 -0.29 
BEMS-03 RP 11/18/16 22.86901 89.30646 1.81 2.82 -1.43 1.61 -1.59 -0.28 
BEMS-03 RP 11/18/16 22.86901 89.30646 1.65 2.62 -1.77 1.41 -0.08 -0.42 
BEMS-03 RP 11/18/16 22.86916 89.30638 1.18 1.58 
 
0.07 -0.13 -0.76 
BEMS-03 RP 11/18/16 22.87164 89.30554 1.17 1.61 
 
0.26 -0.48 -0.72 
BEMS-03 A 11/18/16 22.87126 89.30413 1.16 1.59 
 
0.25 -0.49 -0.72 
BEMS-03 TC 11/18/16 22.87128 89.30406 1.99 2.92 
 
1.68 0.23 -0.09 
BEMS-08 RP 11/15/16 22.71464 89.18436 1.99 2.91 
 
1.68 0.23 -0.09 
BEMS-08 RP 11/15/16 22.71401 89.18405 1.89 2.85 
 
1.52 0.11 -0.17 
BEMS-08 RP 11/15/16 22.71401 89.18405 1.86 2.82 -2.00 1.49 0.08 -0.20 
BEMS-08 RP 11/17/16 22.71133 89.17663 1.04 1.32 
 
0.59 0.44 -0.82 
BEMS-08 RP 11/17/16 22.71133 89.17663 1.05 1.32 
 
0.60 0.45 -0.81 
BEMS-08 RP 11/17/16 22.71162 89.17565 1.04 1.31 
 
0.60 0.44 -0.81 
BEMS-08 RP 11/17/16 22.71162 89.17565 1.07 1.34 
 
0.63 0.48 -0.78 
BEMS-08 RP 11/15/16 22.74021 89.20722 1.03 1.31 
 
0.60 0.44 -0.82 
BEMS-08 RP 11/15/16 22.74021 89.20746 1.07 1.34 -1.80 0.62 0.47 -0.79 
BEMS-08 RP 11/15/16 22.74018 89.20733 1.07 1.34 
 
0.62 0.47 -0.79 
BEMS-08 RP 11/15/16 22.73974 89.20774 1.04 1.30 
 
0.60 0.44 -0.81 
BEMS-08 RP 11/15/16 22.73966 89.20790 1.95 2.97 
 
1.69 0.18 -0.16 
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Site Sample 
Type 
Date Latitude Longitude Mg Na P S Si Sr 
BEMS-08 RP 11/15/16 22.73971 89.20800 1.92 2.96 
 
1.63 0.10 -0.19 
BEMS-08 RP 11/15/16 22.74040 89.20609 1.17 1.61 
 
0.17 -0.05 -0.72 
BEMS-08 RP 11/15/16 22.74040 89.20609 1.94 2.91 
 
1.67 0.11 -0.15 
BEMS-08 TC 11/17/16 22.71157 89.17552 1.05 1.32 
 
0.59 0.43 -0.81 
BEMS-08 TC 11/15/16 22.74159 89.20595 1.10 1.90 
 
0.26 -1.42 -0.76 
BEMS-08 A 11/17/16 22.71452 89.18456 1.09 1.89 -1.98 0.24 -1.48 -0.77 
BEMS-08 A 11/17/16 22.71155 89.17555 1.11 1.98 -1.82 0.41 0.09 -0.72 
BEMS-08 A 11/15/16 22.74125 89.20630 1.09 1.96 -1.43 0.35 -0.91 -0.75 
BEMS-09 RP 11/13/16 22.98788 89.48534 1.04 1.88 -1.61 0.33 -0.58 -0.80 
BEMS-09 RP 11/13/16 22.98788 89.48534 1.22 2.27 
 
0.88 0.40 -0.74 
BEMS-09 RP 11/13/16 22.98807 89.48575 1.08 2.08 -1.91 0.75 -0.38 -0.87 
BEMS-09 RP 11/13/16 22.98869 89.48523 1.09 2.09 -1.61 0.76 -0.37 -0.86 
BEMS-09 RP 11/14/16 22.98957 89.48494 1.07 1.86 
 
0.34 0.08 -0.85 
BEMS-09 RP 11/14/16 22.98812 89.48992 1.00 1.70 0.38 0.33 0.38 -0.82 
BEMS-09 RP 11/14/16 22.98847 89.48891 1.21 2.25 
 
0.86 0.39 -0.75 
BEMS-09 RP 11/14/16 22.98847 89.48891 1.22 2.26 
 
0.88 0.40 -0.74 
BEMS-09 TC 11/14/16 22.98785 89.48986 1.89 2.84 
 
1.75 0.49 -0.24 
BEMS-09 A 11/13/16 22.98952 89.48471 1.62 2.55 
 
1.46 0.50 -0.48 
BEMS-09 A 11/13/16 22.98952 89.48471 1.60 2.46 
 
1.64 0.22 -0.45 
BEMS-09 A 11/14/16 22.98804 89.49033 1.57 2.84 
 
-0.13 1.39 -0.49 
Sundarbans SS 11/20/16 22.45771 89.46807 1.60 2.85 
 
-0.14 1.39 -0.47 
Sundarbans SS 11/20/16 22.45845 89.46806 1.60 2.85 
 
0.07 1.37 -0.45 
SS-12 RP 11/20/16 22.50638 89.47340 1.71 2.61 
 
1.43 0.47 -0.36 
SS-12 TW 11/20/16 22.50698 89.47295 1.71 2.62 
 
1.44 0.47 -0.35 
SS-12 TW 11/20/16 22.50698 89.47295 1.40 2.20 
 
1.70 0.48 -0.66 
SS-12 TW 11/20/16 22.50698 89.47295 1.61 2.49 
 
1.14 -0.04 -0.51 
SS-15 RP 11/20/16 22.50305 89.37932 1.94 2.89 
 
1.78 0.37 -0.15 
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Site Sample 
Type 
Date Latitude Longitude Mg Na P S Si Sr 
SS-15 RP 11/20/16 22.50305 89.37932 1.93 2.89 
 
1.80 0.49 -0.20 
SS-15 PSF 11/20/16 22.49951 89.47971 1.85 2.76 
 
1.60 0.26 -0.24 
SS-112 RP 11/20/16 22.45825 89.46233 1.62 2.51 
 
1.34 0.23 -0.45 
SS-118 RP 11/21/16 22.43757 89.43554 1.70 2.53 
 
1.40 -0.08 -0.35 
SS-118 TC 11/21/16 22.44272 89.43465 1.94 2.90 
 
1.81 0.50 -0.19 
SS-119 RP 11/21/16 22.43628 89.43864 1.93 2.88 
 
1.79 0.48 -0.21 
SS-123 TC 11/21/16 22.53563 89.45116 1.62 2.51 
 
1.34 0.23 -0.45 
SS-123 RP 11/21/16 22.53799 89.18375 1.70 2.53 
 
1.40 -0.08 -0.35 
Sundarbans TC 11/20/16 22.45916 89.46772 1.94 2.90 
 
1.81 0.50 -0.19 
Sundarbans TC 11/20/16 22.45916 89.46772 1.93 2.88 
 
1.79 0.48 -0.21 
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Table 12.  Data calculated from water samples analyzed by IC-TOC, ICP-MS, and ICP-OES (A=aquaculture, Blank=DI 
blank, PSF=pond sand filter, RP=rice paddy, SS=Sundarbans soil water, TC=tidal channel, TW=tube well). Here CIB refers 
to the percent charge imbalance error. 
Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
BEMS-09 TW 5/15/16 22.98762 89.48538 516.6 42.1 39.8 2.8% 
BEMS-09 TW 5/15/16 22.98911 89.48505 541.5 33.6 35.0 -2.1% 
BEMS-09 RP 5/15/16 22.98767 89.48531 434.7 38.2 36.3 2.5% 
BEMS-09 RP 5/15/16 22.98790 89.48531 431.2 39.7 36.3 4.4% 
BEMS-09 RP 5/15/16 22.98826 89.48533 408.5 38.5 35.7 3.8% 
BEMS-09 RP 5/15/16 22.98783 89.48572 119.3 100.7 81.9 10.3% 
BEMS-09 RP 5/15/16 22.98837 89.48575 317.0 45.9 40.3 6.5% 
BEMS-09 RP 5/15/16 22.98807 89.48574 201.0 77.1 62.9 10.2% 
BEMS-09 RP 5/15/16 22.98846 89.48514 265.6 39.4 34.6 6.5% 
BEMS-09 RP 5/15/16 22.98904 89.48508 389.0 41.0 36.2 6.3% 
BEMS-09 RP 5/15/16 22.98875 89.48512 161.7 53.2 40.8 13.2% 
BEMS-09 A 5/15/16 22.98944 89.48486 62.1 19.5 15.4 11.6% 
BEMS-09 A 5/15/16 22.98879 89.48541 57.5 37.7 31.0 9.8% 
BEMS-09 A 5/15/16 22.98879 89.48541 56.5 36.0 31.0 7.4% 
BEMS-02 A 5/16/16 22.53952 89.58504 99.1 350.1 304.3 7.0% 
BEMS-02 A 5/16/16 22.53952 89.58504 98.2 341.0 302.8 5.9% 
BEMS-02 A 5/16/16 22.98819 89.48934 100.1 346.5 303.6 6.6% 
BEMS-02 A 5/16/16 22.98819 89.48934 101.7 350.1 301.5 7.5% 
BEMS-02 A 5/16/16 22.54076 89.58483 106.7 353.9 302.4 7.9% 
BEMS-02 A 5/16/16 22.54076 89.58483 107.1 357.3 302.8 8.2% 
BEMS-02 A 5/16/16 22.51524 89.59555 165.5 345.2 299.0 7.2% 
BEMS-02 A 5/16/16 22.51524 89.59555 166.2 351.9 298.7 8.2% 
BEMS-02 A 5/17/16 22.51475 89.59619 187.4 390.7 335.7 7.6% 
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Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
BEMS-02 A 5/17/16 22.51577 89.59651 137.5 390.5 338.9 7.1% 
BEMS-08 BLANK 5/18/16 
  
1.0 0.3 0.3 -2.6% 
BEMS-08 RP 5/18/16 22.71134 89.17664 145.6 217.7 190.6 6.6% 
BEMS-08 RP 5/18/16 22.71162 89.17565 150.6 330.6 293.5 5.9% 
BEMS-08 RP 5/18/16 22.71162 89.17565 137.5 324.4 289.0 5.8% 
BEMS-08 A 5/18/16 22.71464 89.18433 179.9 19.8 18.4 3.7% 
BEMS-08 A 5/18/16 22.71464 89.18433 177.5 19.7 18.1 4.3% 
BEMS-08 A 5/18/16 22.71452 89.18457 124.7 22.5 19.1 8.0% 
BEMS-08 A 5/18/16 22.71155 89.17555 123.5 345.2 310.3 5.3% 
BEMS-08 A 5/18/16 22.74123 89.20631 127.2 4.2 4.0 2.5% 
BEMS-08 A 5/18/16 22.74123 89.20631 130.4 4.1 4.0 1.5% 
BEMS-08 PSF 5/18/16 22.71680 89.18273 98.5 6.2 6.2 -0.2% 
BEMS-08 TC 5/18/16 22.71156 89.17551 116.7 377.8 334.9 6.0% 
BEMS-08 TC 5/18/16 22.74154 89.20609 172.9 4.8 4.6 1.3% 
BEMS-08 TW 5/18/16 22.71388 89.18400 488.7 19.5 16.3 8.9% 
BEMS-03 A 5/19/16 22.87129 89.30414 119.3 287.0 245.4 7.8% 
BEMS-03 TC 5/19/16 22.87128 89.30409 121.3 309.2 277.0 5.5% 
BEMS-03 TW 5/19/16 22.86908 89.30638 494.6 28.9 27.9 1.9% 
BEMS-03 RP 5/19/16 22.86901 89.30646 491.9 28.9 27.8 1.9% 
BEMS-08 RP 5/19/16 22.74039 89.20609 138.1 3.4 4.1 -9.4% 
BEMS-09 BLANK 5/20/16 
  
0.0 0.0 0.0 2.8% 
BEMS-09 A 5/20/16 22.98799 89.49035 116.0 186.5 156.7 8.7% 
BEMS-09 A 5/20/16 22.98798 89.48966 153.1 69.5 57.7 9.3% 
BEMS-09 A 5/20/16 22.98819 89.48934 127.3 134.9 116.1 7.5% 
BEMS-09 A 5/20/16 22.98819 89.48934 135.6 129.8 115.2 6.0% 
BEMS-09 TC 5/20/16 22.98780 89.48970 137.8 207.5 179.5 7.2% 
Sundarbans TC 5/24/16 22.60250 89.48444 125.7 404.9 340.2 8.7% 
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Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
RAIN RAIN 5/25/16 
  
2.9 0.4 0.4 1.4% 
BEMS-02 A 11/23/16 22.53955 89.58501 147.5 14.1 13.8 1.1% 
BEMS-02 A 11/23/16 22.53955 89.58501 146.8 14.2 14.1 0.3% 
BEMS-02 A 11/23/16 22.54073 89.58481 145.5 12.5 12.5 -0.2% 
BEMS-02 A 11/23/16 22.51509 89.59540 207.8 28.1 26.8 2.4% 
BEMS-02 A 11/23/16 22.51478 89.59620 201.2 25.3 24.1 2.3% 
BEMS-02 A 11/23/16 22.51577 89.59653 197.0 24.5 22.5 4.2% 
BEMS-02 A 11/23/16 22.51577 89.59653 204.9 23.8 22.8 2.1% 
BEMS-03 RP 11/18/16 22.86901 89.30646 183.9 4.6 4.7 -1.5% 
BEMS-03 RP 11/18/16 22.86901 89.30646 187.8 4.5 4.7 -3.2% 
BEMS-03 RP 11/18/16 22.86916 89.30638 165.5 4.3 4.8 -5.1% 
BEMS-03 RP 11/18/16 22.87164 89.30554 143.1 37.7 33.5 5.9% 
BEMS-03 A 11/18/16 22.87126 89.30413 142.8 38.4 33.5 6.8% 
BEMS-03 TC 11/18/16 22.87128 89.30406 138.4 25.0 22.0 6.4% 
BEMS-08 BLANK 11/15/16 22.71464 89.18436 
 
47.7 41.9 6.5% 
BEMS-09 BLANK 11/13/16 
  
116.6 6.4 5.9 4.3% 
BEMS-08 RP 11/15/16 22.71464 89.18436 186.6 4.6 4.8 -2.1% 
BEMS-08 RP 11/15/16 22.71401 89.18405 196.8 5.0 5.2 -2.4% 
BEMS-08 RP 11/15/16 22.71401 89.18405 190.5 4.8 4.9 -1.1% 
BEMS-08 RP 11/17/16 22.71133 89.17663 227.2 48.9 44.6 4.6% 
BEMS-08 RP 11/17/16 22.71133 89.17663 226.9 48.7 44.6 4.5% 
BEMS-08 RP 11/17/16 22.71162 89.17565 257.0 41.3 37.7 4.5% 
BEMS-08 RP 11/17/16 22.71162 89.17565 239.6 38.5 34.3 5.8% 
BEMS-08 RP 11/15/16 22.74021 89.20722 146.9 3.6 3.5 2.2% 
BEMS-08 RP 11/15/16 22.74021 89.20746 146.2 3.7 3.4 3.0% 
BEMS-08 RP 11/15/16 22.74018 89.20733 143.2 3.6 3.4 3.0% 
BEMS-08 RP 11/15/16 22.73974 89.20774 136.7 3.9 3.3 7.8% 
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Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
BEMS-08 RP 11/15/16 22.73966 89.20790 140.4 3.6 3.3 3.2% 
BEMS-08 RP 11/15/16 22.73971 89.20800 142.7 3.8 3.4 5.8% 
BEMS-08 RP 11/15/16 22.74040 89.20609 143.6 3.8 3.4 5.9% 
BEMS-08 RP 11/15/16 22.74040 89.20609 144.9 3.6 3.4 2.5% 
BEMS-08 TC 11/17/16 22.71157 89.17552 199.4 50.8 46.8 4.1% 
BEMS-08 TC 11/15/16 22.74159 89.20595 209.4 4.4 4.1 4.1% 
BEMS-08 A 11/17/16 22.71452 89.18456 177.2 4.9 4.5 3.8% 
BEMS-08 A 11/17/16 22.71155 89.17555 205.3 46.4 42.2 4.7% 
BEMS-08 A 11/15/16 22.74125 89.20630 139.5 3.6 3.3 4.2% 
BEMS-09 RP 11/13/16 22.98788 89.48534 123.6 6.2 5.7 3.8% 
BEMS-09 RP 11/13/16 22.98788 89.48534 128.0 6.0 5.8 2.0% 
BEMS-09 RP 11/13/16 22.98807 89.48575 135.8 7.1 6.8 2.4% 
BEMS-09 RP 11/13/16 22.98869 89.48523 131.9 6.7 6.1 4.9% 
BEMS-09 RP 11/14/16 22.98957 89.48494 124.6 6.0 5.5 4.6% 
BEMS-09 RP 11/14/16 22.98812 89.48992 141.5 11.5 11.0 2.0% 
BEMS-09 RP 11/14/16 22.98847 89.48891 74.0 7.5 6.7 6.2% 
BEMS-09 RP 11/14/16 22.98847 89.48891 67.6 7.8 6.7 7.8% 
BEMS-09 TC 11/14/16 22.98785 89.48986 117.9 5.6 5.2 3.3% 
BEMS-09 A 11/13/16 22.98952 89.48471 57.1 5.0 3.2 21.1% 
BEMS-09 A 11/13/16 22.98952 89.48471 131.1 11.2 10.9 1.2% 
BEMS-09 A 11/14/16 22.98804 89.49033 130.6 11.4 10.8 2.7% 
Sundarbans SS 11/20/16 22.45771 89.46807 127.6 39.5 36.0 4.6% 
Sundarbans SS 11/20/16 22.45845 89.46806 242.8 21.3 20.7 1.3% 
SS-12 RP 11/20/16 22.50638 89.47340 249.4 19.0 18.7 0.9% 
SS-12 TW 11/20/16 22.50698 89.47295 845.3 35.1 41.2 -8.0% 
SS-12 TW 11/20/16 22.50698 89.47295 935.8 36.0 43.5 -9.5% 
SS-12 TW 11/20/16 22.50698 89.47295 831.6 36.5 40.0 -4.6% 
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Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
SS-15 RP 11/20/16 22.50305 89.37932 186.3 25.5 22.2 7.0% 
SS-15 RP 11/20/16 22.50305 89.37932 186.5 26.0 23.4 5.1% 
SS-15 PSF 11/20/16 22.49951 89.47971 139.3 11.3 12.1 -3.4% 
SS-112 RP 11/20/16 22.45825 89.46233 173.4 19.0 17.7 3.7% 
SS-118 RP 11/21/16 22.43757 89.43554 146.1 44.9 40.7 5.0% 
SS-118 TC 11/21/16 22.44272 89.43465 133.0 44.0 39.9 4.9% 
SS-119 RP 11/21/16 22.53563 89.45116 194.2 34.1 30.9 4.8% 
SS-123 TC 11/21/16 22.53563 89.45116 197.7 20.2 19.2 2.6% 
SS-123 RP 11/21/16 22.53799 89.18375 298.0 22.4 21.6 2.0% 
Sundarbans TC 11/20/16 22.45916 89.46772 127.1 45.4 40.4 5.9% 
Sundarbans TC 11/20/16 22.45916 89.46772 126.1 43.7 40.0 4.4% 
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Table 13.  Soil measurements taken in the field with a Procheck Sensor (A=aquaculture, Blank=DI blank, RP=rice paddy, 
SS=Sundarbans soil water, TC=tidal channel, EC=electrical conductivity). Note: in May 2016, the Procheck was out of 
commission.  
Site Sample Type Date Latitude Longitude Temp (ºC) EC 
(dS/cm) 
Soil Moisture 
(%) 
SS-112 RP 11/20/2016 22.45825 89.46233 23.8 2566 49.65 
SS-12 RP 11/20/2016 22.50638 89.47340 24.6 1326 34.12 
BEMS-03 RP 11/18/2016 22.86901 89.30646 24.7 912 36.03 
Sundarbans STC 11/20/2016 22.45916 89.46772 24.7 1753 36.8 
SS-118 RP 11/21/2016 22.43757 89.43554 24.7 2910 52.06 
SS-119 RP 11/21/2016 22.43628 89.43864 24.7 2840 46.7 
BEMS-08 A 11/17/2016 22.71155 89.17555 25 1871 42.17 
BEMS-08 TC 11/17/2016 22.71157 89.17552 25.1 3732 53.71 
Sundarbans SS 11/20/2016 22.45845 89.46806 25.1 1886 48.03 
SS-123 RP 11/21/2016 22.53799 89.18375 25.2 2170 40.5 
BEMS-02 A 11/23/2016 22.53955 89.58501 25.6 5208 66.6 
BEMS-02 A 11/23/2016 22.53955 89.58501 25.6 5208 66.6 
BEMS-03 A 11/18/2016 22.87126 89.30413 25.7 2520 51.91 
BEMS-08 RP 11/15/2016 22.74040 89.20609 25.8 458 32.3 
BEMS-08 A 11/17/2016 22.71452 89.18456 25.9 1048 40.01 
BEMS-03 TC 11/18/2016 22.87128 89.30406 25.9 4130 57.75 
SS-123 TC 11/21/2016 22.53563 89.45116 25.9 2405 44.34 
BEMS-03 RP 11/18/2016 22.87164 89.30554 26.1 2273 44.9 
BEMS-08 RP 11/17/2016 22.71464 89.18436 26.5 1090 36.98 
BEMS-08 RP 11/15/2016 22.74021 89.20722 26.6 315 28.3 
SS-118 TC 11/21/2016 22.44272 89.43465 26.6 3204 54.56 
BEMS-08 RP 11/15/2016 22.73966 89.20790 26.7 558 32.41 
SS-15 RP 11/20/2016 22.50305 89.37932 26.7 3450 55.2 
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Site Sample Type Date Latitude Longitude Temp (ºC) EC 
(dS/cm) 
Soil Moisture 
(%) 
BEMS-02 A 11/23/2016 22.54073 89.58481 26.8 4260 58.72 
BEMS-09 A 11/13/2016 22.98962 89.48463 26.9 964 34.68 
BEMS-09 RP 11/13/2016 22.98788 89.48562 27.1 907 31.03 
BEMS-02 A 11/23/2016 22.51478 89.59620 27.1 3751 56.75 
BEMS-02 A 11/23/2016 22.51509 89.59540 27.3 2999 50.38 
BEMS-08 RP 11/17/2016 22.71401 89.18405 27.4 880 30.98 
BEMS-02 A 11/23/2016 22.51577 89.59653 27.4 3783 58.06 
BEMS-09 RP 11/13/2016 22.98794 89.48523 27.8 1130 35.64 
BEMS-09 RP 11/14/2016 22.98825 89.48964 27.8 945 34.75 
BEMS-09 RP 11/14/2016 22.98823 89.48902 27.8 1066 32.43 
BEMS-08 RP 11/15/2016 22.73971 89.20800 27.8 499 30.48 
BEMS-08 RP 11/17/2016 22.71133 89.17663 27.8 2445 49.95 
BEMS-09 RP 11/13/2016 22.98823 89.48569 27.9 842 33.93 
BEMS-09 TC 11/14/2016 22.98785 89.48986 27.9 1369 37.88 
BEMS-09 TC 11/14/2016 22.98785 89.48964 28.2 1546 38.4 
BEMS-08 RP 11/15/2016 22.74021 89.20746 28.2 235 30.92 
Sundarbans SS 11/20/2016 22.45771 89.46807 28.2 1585 41.92 
BEMS-02 DRP 11/23/2016 22.51725 89.59126 28.3 202 23.85 
BEMS-09 RP 11/13/2016 22.98788 89.48534 28.5 1190 31.42 
BEMS-09 RP 11/14/2016 22.98930 89.48531 28.5 1484 41.83 
BEMS-08 TC 11/15/2016 22.74159 89.20595 28.6 555 31.34 
BEMS-08 RP 11/15/2016 22.73974 89.20774 28.6 446 29.1 
BEMS-09 A 11/14/2016 22.98804 89.49033 28.7 850 33.9 
BEMS-08 A 11/15/2016 22.74125 89.20630 28.7 713 34.47 
BEMS-09 RP 11/13/2016 22.98807 89.48575 28.8 926 32.88 
BEMS-03 RP 11/18/2016 22.86916 89.30638 28.8 1071 39.02 
BEMS-09 RP 11/13/2016 22.98880 89.48510 28.9 968 38.32 
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Site Sample Type Date Latitude Longitude Temp (ºC) EC 
(dS/cm) 
Soil Moisture 
(%) 
BEMS-08 RP 11/15/2016 22.74018 89.20733 28.9 310 29.3 
BEMS-09 RP 11/14/2016 22.98812 89.48992 29.2 937 34.65 
BEMS-09 A 11/13/2016 22.98952 89.48471 29.3 1075 48.22 
BEMS-08 RP 11/17/2016 22.71162 89.17565 29.3 2155 41.65 
BEMS-09 RP 11/14/2016 22.98847 89.48891 29.8 1110 34.93 
BEMS-03 RP 11/18/2016 22.84413 89.30349 30.4 258 15.78 
BEMS-09 RP 11/14/2016 22.98957 89.48494 30.9 1182 39.26 
BEMS-09 RP 11/13/2016 22.98869 89.48523 31.4 1181 37.2 
BEMS-09 RP 5/15/2016 22.98790 89.48531 35.4 1.827 0.557 
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H. Table 14.  Measurements obtained from deionized extract slurries and IC-TOC analyses (Blank=DI blank, DRP=dry rice paddy, 
RP=rice paddy, SS=Sundarbans soil, TC=tidal channel). Analyte concentrations are shown in log base 10 of concentration in parts per 
million. 
Site Sample 
Type 
Date Latitude Longitude pH 
(slurry) 
SpC 
(slurry, 
mS/cm) 
F Br NO3 PO4 SO4 DIC DOC 
BEMS-02 DRP 11/23/16 22.51725 89.59126 8.49 10 
  
0.30 
 
0.84 0.77 1.25 
BEMS-02 DRP 05/17/16 22.51712 89.59162 8.07 770 
  
0.32 
 
1.88 0.93 1.45 
BEMS-03 RP 11/18/16 22.86901 89.30646 8.27 70 -0.72 
   
0.78 1.18 1.54 
BEMS-03 RP 11/18/16 22.84413 89.30349 7.43 170 
  
0.77 -0.34 0.95 0.89 1.68 
BEMS-03 TC 11/18/16 22.87128 89.30406 7.92 9440 -0.39 0.78 
  
2.66 1.04 1.79 
BEMS-03 DRP 05/19/16 22.84402 89.30351 7.05 400 
  
1.35 -0.54 1.14 0.78 1.70 
BEMS-03 RP 05/19/16 22.86901 89.30646 8.22 440 -0.62 
   
1.13 1.13 1.54 
BEMS-03 TC 05/19/16 22.87128 89.30409 7.65 7350 -0.54 0.73 -0.24 
 
2.57 0.87 1.59 
BEMS-08 RP 11/17/16 22.71401 89.18405 8.3 200 
    
1.31 1.15 1.73 
BEMS-08 RP 11/17/16 22.71133 89.17663 8.11 2620 -0.33 0.43 
  
2.49 1.06 1.86 
BEMS-08 RP 11/17/16 22.71162 89.17565 7.66 1290 
 
0.95 
 
-0.29 2.29 1.40 2.10 
BEMS-08 TC 11/17/16 22.71157 89.17552 7.74 2800 -0.70 0.41 -0.39 0.03 2.65 1.06 1.85 
BEMS-08 RP 11/15/16 22.74021 89.20746 8.23 70 
    
1.13 1.18 1.72 
BEMS-08 RP 11/15/16 22.74018 89.20733 8.49 150 
  
0.29 
 
1.52 0.92 1.66 
BEMS-08 RP 11/15/16 22.74040 89.20609 8.28 40 
    
1.36 1.02 1.58 
BEMS-08 TC 11/15/16 22.74159 89.20595 7.91 10010 
   
-0.77 1.15 1.02 1.48 
BEMS-08 RP 05/19/16 22.73966 89.20790 
  
-0.35 0.25 0.97 
 
1.32 1.09 1.60 
BEMS-08 RP 05/19/16 22.74039 89.20609 7.93 50 
  
0.32 
 
1.14 1.03 1.61 
BEMS-08 DRP 05/18/16 22.71401 89.18405 7.88 690 
  
1.19 -0.47 1.47 1.19 1.84 
BEMS-08 DRP 05/18/16 22.74020 89.20733 7.93 260 
  
1.13 
 
1.27 1.07 1.65 
BEMS-08 RP 05/18/16 22.71134 89.17664 7.86 600 
  
1.29 -0.46 1.74 1.35 1.99 
BEMS-08 RP 05/18/16 22.71162 89.17565 7.39 5750 -0.45 0.70 -0.39 
 
2.55 0.70 1.61 
BEMS-08 TC 05/18/16 22.71156 89.17551 7.33 10340 -0.58 1.19 -0.41 -0.17 3.28 1.02 2.10 
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Site Sample 
Type 
Date Latitude Longitude pH 
(slurry) 
SpC 
(slurry, 
mS/cm) 
F Br NO3 PO4 SO4 DIC DOC 
BEMS-08 TC 05/18/16 22.74154 89.20609 8 430 
  
0.35 
 
2.03 1.12 1.63 
BEMS-09 RP 11/14/16 22.98825 89.48964 8.21 410 
  
0.76 
 
1.73 1.10 1.73 
BEMS-09 RP 11/14/16 22.98847 89.48891 8.06 900 -1.05 
   
2.19 0.87 1.57 
BEMS-09 TC 11/14/16 22.98785 89.48986 8.03 1640 
 
0.26 
  
2.13 1.00 1.65 
BEMS-09 RP 11/13/16 22.98807 89.48575 8.06 900 
    
0.97 1.03 1.53 
BEMS-09 RP 11/13/16 22.98869 89.48523 7.81 370 -1.10 0.96 
  
1.42 1.27 1.89 
BEMS-09 DRP 05/20/16 22.98812 89.48989 8.01 810 
    
1.53 1.08 1.52 
BEMS-09 DRP 05/20/16 22.98820 89.48922 8.06 1110 0.38 1.70 
  
1.76 0.87 1.56 
BEMS-09 TC 05/20/16 22.98780 89.48970 7.71 4100 -0.42 0.39 -0.40 
 
2.14 0.93 1.95 
BEMS-09 RP 05/15/16 22.98807 89.48574 7.91 830 
    
1.25 1.09 1.67 
BEMS-09 RP 05/15/16 22.98875 89.48512 7.68 1100 
   
-0.39 1.27 1.12 1.86 
SS-118 RP 11/21/16 22.43757 89.43554 6.71 1800 
 
0.96 
  
2.35 0.43 1.72 
SS-118 TC 11/21/16 22.44272 89.43465 8.08 2090 -0.95 0.37 -0.38 
 
2.37 0.58 1.29 
SS-119 RP 11/21/16 22.43628 89.43864 8.11 680 -0.89 0.96 
  
1.78 0.91 1.80 
SS-123 RP 11/21/16 22.53799 89.18375 7.86 2670 -0.70 0.46 
  
2.47 0.92 1.62 
SS-123 TC 11/21/16 22.53563 89.45116 8.33 960 
 
0.95 
  
1.89 1.23 1.77 
SS-112 RP 11/20/16 22.45825 89.46233 7.95 3200 -0.55 0.37 -0.40 
 
2.82 0.78 1.74 
SS-12 RP 11/20/16 22.50638 89.47340 8.28 590 
 
0.96 
  
2.06 1.08 1.64 
SS-15 RP 11/20/16 22.50305 89.37932 7.77 5280 -0.53 0.47 -0.41 
 
2.90 -0.20 1.70 
Sundarbans SS 11/20/16 22.45771 89.46807 8.46 280 
    
1.77 1.09 1.61 
Sundarbans TC 11/20/16 22.45916 89.46772 8.24 170 -0.80 
   
1.37 1.14 1.59 
Sundarbans SS 05/24/16 22.58139 89.48972 7.93 6010 -0.27 0.66 -0.25 
 
2.40 1.02 1.59 
Sundarbans TC 05/24/16 22.60250 89.48444 8.15 7060 -0.53 0.69 -0.39 
 
2.65 0.95 1.65 
 
 
 
104 
 
Table 15.  Measurements obtained from deionized extracts analyzed by ICP-MS (Blank=DI blank, PSF=pond sand filter, 
DRP=dry rice paddy, RP=rice paddy, SS= Sundarbans soil, TC=tidal channel). Values are shown in log base 10 of concentration 
in parts per million. 
Site Sample 
Type 
Date Latitude Longitude As Ba Co Cr Mo Ni Sb Se V 
BEMS-02 DRP 11/23/16 22.51725 89.59126 -2.69 -2.03 
  
-2.97 -2.78 
  
-2.77 
BEMS-02 DRP 05/17/16 22.51712 89.59162 -2.70 -1.74 
  
-2.76 -2.61 
 
-2.61 -2.90 
BEMS-03 RP 11/18/16 22.86901 89.30646 -2.70 -1.76 
 
-1.74 -2.19 -2.84 
 
-2.52 -2.88 
BEMS-03 RP 11/18/16 22.84413 89.30349 -1.99 -1.67 
 
-2.66 
 
-2.69 
 
-2.69 -2.28 
BEMS-03 TC 11/18/16 22.87128 89.30406 -1.76 -0.97 -2.95 -2.37 -2.22 -2.22 -2.61 -1.82 -1.77 
BEMS-03 DRP 05/19/16 22.84402 89.30351 -2.27 -1.35 
 
-2.61 
 
-2.52 
 
-2.71 -2.48 
BEMS-03 RP 05/19/16 22.86901 89.30646 -2.60 -1.68 
 
-2.75 -2.35 -2.61 
 
-2.43 -2.65 
BEMS-03 TC 05/19/16 22.87128 89.30409 -1.94 -1.08 
 
-2.47 -2.34 -2.38 -2.79 -1.84 -1.83 
BEMS-08 RP 11/17/16 22.71401 89.18405 -2.03 -1.51 
 
-2.53 -2.63 -2.48 -2.63 -2.38 -2.18 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.84 -1.34 -2.84 -2.42 -1.95 -2.39 -2.44 -2.22 -2.06 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.77 -1.05 -2.77 -1.97 -1.95 -1.98 -2.35 -2.03 -1.93 
BEMS-08 TC 11/17/16 22.71157 89.17552 -2.06 -1.24 -2.94 -2.34 -2.34 -2.27 -2.60 -2.20 -1.94 
BEMS-08 RP 11/15/16 22.74021 89.20746 -2.25 -1.82 
  
-3.00 -2.66 
 
-2.83 -2.26 
BEMS-08 RP 11/15/16 22.74018 89.20733 -2.18 -1.49 
 
-2.82 -2.89 -2.56 
 
-2.74 -2.33 
BEMS-08 RP 11/15/16 22.74040 89.20609 -2.32 -1.60 
  
-3.00 -2.71 -2.82 -2.72 -2.38 
BEMS-08 TC 11/15/16 22.74159 89.20595 -2.27 -1.62 
  
-2.89 -2.56 
  
-2.62 
BEMS-08 RP 05/19/16 22.73966 89.20790 -2.49 -1.82 
 
-2.58 
 
-2.45 
  
-2.65 
BEMS-08 RP 05/19/16 22.74039 89.20609 -2.13 -1.67 
  
-2.82 -1.92 
 
-2.39 -2.33 
BEMS-08 DRP 05/18/16 22.71401 89.18405 -2.36 -1.48 
 
-2.82 -2.67 -2.28 -2.95 -2.64 -2.33 
BEMS-08 DRP 05/18/16 22.74020 89.20733 -2.27 -1.46 
 
-2.97 -2.90 -2.38 
  
-2.53 
BEMS-08 RP 05/18/16 22.71134 89.17664 -2.27 -1.59 
 
-2.61 -2.66 -2.36 
 
-2.89 -2.73 
BEMS-08 RP 05/18/16 22.71162 89.17565 -1.96 -1.55 
 
-2.52 -2.57 -2.40 -2.71 -1.84 -1.91 
BEMS-08 TC 05/18/16 22.71156 89.17551 -1.77 -0.86 -2.56 -2.36 -2.43 -1.82 -2.95 -1.37 -1.91 
BEMS-08 TC 05/18/16 22.74154 89.20609 -2.28 -1.62 
  
-2.79 -2.42 
  
-2.66 
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Site Sample 
Type 
Date Latitude Longitude As Ba Co Cr Mo Ni Sb Se V 
BEMS-09 RP 11/14/16 22.98825 89.48964 -2.27 -1.52 
 
-2.72 -2.36 -2.68 -2.53 -2.37 -2.25 
BEMS-09 RP 11/14/16 22.98847 89.48891 -2.33 -1.31 
  
-2.61 -2.62 
 
-2.03 -2.66 
BEMS-09 TC 11/14/16 22.98785 89.48986 -2.42 -1.57 
  
-2.22 -2.36 -2.88 -2.32 -2.47 
BEMS-09 RP 11/13/16 22.98807 89.48575 -2.60 -1.80 
 
-2.67 -2.86 -2.65 -2.73 -2.57 -2.19 
BEMS-09 RP 11/13/16 22.98869 89.48523 -2.39 -1.63 
 
-2.19 -2.43 -2.46 -2.32 -2.29 -1.92 
BEMS-09 DRP 05/20/16 22.98812 89.48989 -2.48 -1.47 
  
-2.41 -2.82 -2.83 -2.94 -2.48 
BEMS-09 DRP 05/20/16 22.98820 89.48922 -2.37 -1.57 
 
-2.75 -2.58 -2.48 -2.87 -2.61 -2.40 
BEMS-09 TC 05/20/16 22.98780 89.48970 -1.93 -0.92 -2.89 -2.41 -2.05 -2.18 -2.73 -1.58 -1.92 
BEMS-09 RP 05/15/16 22.98807 89.48574 -2.52 -1.60 
  
-2.82 -2.51 -2.79 -2.34 -2.28 
BEMS-09 RP 05/15/16 22.98875 89.48512 -2.31 -1.45 
 
-2.69 -2.60 -2.51 -2.42 -2.34 -1.90 
SS-118 RP 11/21/16 22.43757 89.43554 -2.33 -1.61 -2.98 -2.73 -2.91 -2.23 -2.84 -2.42 -2.32 
SS-118 TC 11/21/16 22.44272 89.43465 -2.44 -1.75 
 
-2.69 -2.74 -2.47 
 
-2.36 -2.34 
SS-119 RP 11/21/16 22.43628 89.43864 -2.18 -1.70 -2.97 -2.10 -2.38 -2.04 
 
-2.40 -1.95 
SS-123 RP 11/21/16 22.53799 89.18375 -2.27 -1.47 
 
-2.48 -2.53 -2.32 -2.91 -2.27 -2.19 
SS-123 TC 11/21/16 22.53563 89.45116 -2.22 -1.67 
 
-2.51 -2.35 -2.31 -2.84 -2.63 -2.11 
SS-112 RP 11/20/16 22.45825 89.46233 -2.14 -1.37 -2.85 -2.62 -2.33 -2.19 -2.62 -2.28 -2.26 
SS-12 RP 11/20/16 22.50638 89.47340 -2.43 -1.94 
 
-2.60 -2.67 -2.52 
 
-2.51 -2.53 
SS-15 RP 11/20/16 22.50305 89.37932 -1.96 -1.29 -2.70 -2.57 -2.61 -2.11 -2.95 -2.12 -2.08 
Sundarbans SS 11/20/16 22.45771 89.46807 -2.30 -1.91 
 
-2.73 -2.46 -2.56 -2.92 -2.70 -2.35 
Sundarbans TC 11/20/16 22.45916 89.46772 -2.58 -1.67 
 
-2.49 -2.27 -2.81 
 
-2.35 -2.78 
Sundarbans SS 05/24/16 22.58139 89.48972 -2.03 -1.33 
 
-2.52 -2.38 -2.44 
 
-2.01 -1.89 
Sundarbans TC 05/24/16 22.60250 89.48444 -1.97 -1.49 -2.99 -2.57 -2.37 -2.28 
 
-1.95 -1.84 
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Table 16.  Measurements obtained from deionized extracts analyzed by ICP-OES (Blank=DI 
blank, DRP=dry rice paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel). 
Concentrations are shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude As Ba Co Cr 
BEMS-02 DRP 11/23/16 22.51725 89.59126 -2.69 -2.03 
  
BEMS-02 DRP 05/17/16 22.51712 89.59162 -2.70 -1.74 
  
BEMS-03 RP 11/18/16 22.86901 89.30646 -2.70 -1.76 
 
-1.74 
BEMS-03 RP 11/18/16 22.84413 89.30349 -1.99 -1.67 
 
-2.66 
BEMS-03 TC 11/18/16 22.87128 89.30406 -1.76 -0.97 -2.95 -2.37 
BEMS-03 DRP 05/19/16 22.84402 89.30351 -2.27 -1.35 
 
-2.61 
BEMS-03 RP 05/19/16 22.86901 89.30646 -2.60 -1.68 
 
-2.75 
BEMS-03 TC 05/19/16 22.87128 89.30409 -1.94 -1.08 
 
-2.47 
BEMS-08 RP 11/17/16 22.71401 89.18405 -2.03 -1.51 
 
-2.53 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.84 -1.34 -2.84 -2.42 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.77 -1.05 -2.77 -1.97 
BEMS-08 TC 11/17/16 22.71157 89.17552 -2.06 -1.24 -2.94 -2.34 
BEMS-08 RP 11/15/16 22.74021 89.20746 -2.25 -1.82 
  
BEMS-08 RP 11/15/16 22.74018 89.20733 -2.18 -1.49 
 
-2.82 
BEMS-08 RP 11/15/16 22.74040 89.20609 -2.32 -1.60 
  
BEMS-08 TC 11/15/16 22.74159 89.20595 -2.27 -1.62 
  
BEMS-08 RP 05/19/16 22.73966 89.20790 -2.49 -1.82 
 
-2.58 
BEMS-08 RP 05/19/16 22.74039 89.20609 -2.13 -1.67 
  
BEMS-08 DRP 05/18/16 22.71401 89.18405 -2.36 -1.48 
 
-2.82 
BEMS-08 DRP 05/18/16 22.74020 89.20733 -2.27 -1.46 
 
-2.97 
BEMS-08 RP 05/18/16 22.71134 89.17664 -2.27 -1.59 
 
-2.61 
BEMS-08 RP 05/18/16 22.71162 89.17565 -1.96 -1.55 
 
-2.52 
BEMS-08 TC 05/18/16 22.71156 89.17551 -1.77 -0.86 -2.56 -2.36 
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Site Sample 
Type 
Date Latitude Longitude As Ba Co Cr 
BEMS-08 TC 05/18/16 22.74154 89.20609 -2.28 -1.62 
  
BEMS-09 RP 11/14/16 22.98825 89.48964 -2.27 -1.52 
 
-2.72 
BEMS-09 RP 11/14/16 22.98847 89.48891 -2.33 -1.31 
  
BEMS-09 TC 11/14/16 22.98785 89.48986 -2.42 -1.57 
  
BEMS-09 RP 11/13/16 22.98807 89.48575 -2.60 -1.80 
 
-2.67 
BEMS-09 RP 11/13/16 22.98869 89.48523 -2.39 -1.63 
 
-2.19 
BEMS-09 DRP 05/20/16 22.98812 89.48989 -2.48 -1.47 
  
BEMS-09 DRP 05/20/16 22.98820 89.48922 -2.37 -1.57 
 
-2.75 
BEMS-09 TC 05/20/16 22.98780 89.48970 -1.93 -0.92 -2.89 -2.41 
BEMS-09 RP 05/15/16 22.98807 89.48574 -2.52 -1.60 
  
BEMS-09 RP 05/15/16 22.98875 89.48512 -2.31 -1.45 
 
-2.69 
SS-118 RP 11/21/16 22.43757 89.43554 -2.33 -1.61 -2.98 -2.73 
SS-118 TC 11/21/16 22.44272 89.43465 -2.44 -1.75 
 
-2.69 
SS-119 RP 11/21/16 22.43628 89.43864 -2.18 -1.70 -2.97 -2.10 
SS-123 RP 11/21/16 22.53799 89.18375 -2.27 -1.47 
 
-2.48 
SS-123 TC 11/21/16 22.53563 89.45116 -2.22 -1.67 
 
-2.51 
SS-112 RP 11/20/16 22.45825 89.46233 -2.14 -1.37 -2.85 -2.62 
SS-12 RP 11/20/16 22.50638 89.47340 -2.43 -1.94 
 
-2.60 
SS-15 RP 11/20/16 22.50305 89.37932 -1.96 -1.29 -2.70 -2.57 
Sundarbans SS 11/20/16 22.45771 89.46807 -2.30 -1.91 
 
-2.73 
Sundarbans TC 11/20/16 22.45916 89.46772 -2.58 -1.67 
 
-2.49 
Sundarbans SS 05/24/16 22.58139 89.48972 -2.03 -1.33 
 
-2.52 
Sundarbans TC 05/24/16 22.60250 89.48444 -1.97 -1.49 -2.99 -2.57 
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Table 17.  Measurements obtained from deionized extracts analyzed by ICP-OES (Blank=DI blank, 
DRP=dry rice paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel). Concentrations are 
shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude Mo Ni Sb Se V 
BEMS-02 DRP 11/23/16 22.51725 89.59126 -2.97 -2.78 
  
-2.77 
BEMS-02 DRP 05/17/16 22.51712 89.59162 -2.76 -2.61 
 
-2.61 -2.90 
BEMS-03 RP 11/18/16 22.86901 89.30646 -2.19 -2.84 
 
-2.52 -2.88 
BEMS-03 RP 11/18/16 22.84413 89.30349 
 
-2.69 
 
-2.69 -2.28 
BEMS-03 TC 11/18/16 22.87128 89.30406 -2.22 -2.22 -2.61 -1.82 -1.77 
BEMS-03 DRP 05/19/16 22.84402 89.30351 
 
-2.52 
 
-2.71 -2.48 
BEMS-03 RP 05/19/16 22.86901 89.30646 -2.35 -2.61 
 
-2.43 -2.65 
BEMS-03 TC 05/19/16 22.87128 89.30409 -2.34 -2.38 -2.79 -1.84 -1.83 
BEMS-08 RP 11/17/16 22.71401 89.18405 -2.63 -2.48 -2.63 -2.38 -2.18 
BEMS-08 RP 11/17/16 22.71133 89.17663 -1.95 -2.39 -2.44 -2.22 -2.06 
BEMS-08 RP 11/17/16 22.71162 89.17565 -1.95 -1.98 -2.35 -2.03 -1.93 
BEMS-08 TC 11/17/16 22.71157 89.17552 -2.34 -2.27 -2.60 -2.20 -1.94 
BEMS-08 RP 11/15/16 22.74021 89.20746 -3.00 -2.66 
 
-2.83 -2.26 
BEMS-08 RP 11/15/16 22.74018 89.20733 -2.89 -2.56 
 
-2.74 -2.33 
BEMS-08 RP 11/15/16 22.74040 89.20609 -3.00 -2.71 -2.82 -2.72 -2.38 
BEMS-08 TC 11/15/16 22.74159 89.20595 -2.89 -2.56 
  
-2.62 
BEMS-08 RP 05/19/16 22.73966 89.20790 
 
-2.45 
  
-2.65 
BEMS-08 RP 05/19/16 22.74039 89.20609 -2.82 -1.92 
 
-2.39 -2.33 
BEMS-08 DRP 05/18/16 22.71401 89.18405 -2.67 -2.28 -2.95 -2.64 -2.33 
BEMS-08 DRP 05/18/16 22.74020 89.20733 -2.90 -2.38 
  
-2.53 
BEMS-08 RP 05/18/16 22.71134 89.17664 -2.66 -2.36 
 
-2.89 -2.73 
BEMS-08 RP 05/18/16 22.71162 89.17565 -2.57 -2.40 -2.71 -1.84 -1.91 
BEMS-08 TC 05/18/16 22.71156 89.17551 -2.43 -1.82 -2.95 -1.37 -1.91 
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Site Sample 
Type 
Date Latitude Longitude Mo Ni Sb Se V 
BEMS-08 TC 05/18/16 22.74154 89.20609 -2.79 -2.42 
  
-2.66 
BEMS-09 RP 11/14/16 22.98825 89.48964 -2.36 -2.68 -2.53 -2.37 -2.25 
BEMS-09 RP 11/14/16 22.98847 89.48891 -2.61 -2.62 
 
-2.03 -2.66 
BEMS-09 TC 11/14/16 22.98785 89.48986 -2.22 -2.36 -2.88 -2.32 -2.47 
BEMS-09 RP 11/13/16 22.98807 89.48575 -2.86 -2.65 -2.73 -2.57 -2.19 
BEMS-09 RP 11/13/16 22.98869 89.48523 -2.43 -2.46 -2.32 -2.29 -1.92 
BEMS-09 DRP 05/20/16 22.98812 89.48989 -2.41 -2.82 -2.83 -2.94 -2.48 
BEMS-09 DRP 05/20/16 22.98820 89.48922 -2.58 -2.48 -2.87 -2.61 -2.40 
BEMS-09 TC 05/20/16 22.98780 89.48970 -2.05 -2.18 -2.73 -1.58 -1.92 
BEMS-09 RP 05/15/16 22.98807 89.48574 -2.82 -2.51 -2.79 -2.34 -2.28 
BEMS-09 RP 05/15/16 22.98875 89.48512 -2.60 -2.51 -2.42 -2.34 -1.90 
SS-118 RP 11/21/16 22.43757 89.43554 -2.91 -2.23 -2.84 -2.42 -2.32 
SS-118 TC 11/21/16 22.44272 89.43465 -2.74 -2.47 
 
-2.36 -2.34 
SS-119 RP 11/21/16 22.43628 89.43864 -2.38 -2.04 
 
-2.40 -1.95 
SS-123 RP 11/21/16 22.53799 89.18375 -2.53 -2.32 -2.91 -2.27 -2.19 
SS-123 TC 11/21/16 22.53563 89.45116 -2.35 -2.31 -2.84 -2.63 -2.11 
SS-112 RP 11/20/16 22.45825 89.46233 -2.33 -2.19 -2.62 -2.28 -2.26 
SS-12 RP 11/20/16 22.50638 89.47340 -2.67 -2.52 
 
-2.51 -2.53 
SS-15 RP 11/20/16 22.50305 89.37932 -2.61 -2.11 -2.95 -2.12 -2.08 
Sundarbans SS 11/20/16 22.45771 89.46807 -2.46 -2.56 -2.92 -2.70 -2.35 
Sundarbans TC 11/20/16 22.45916 89.46772 -2.27 -2.81 
 
-2.35 -2.78 
Sundarbans SS 05/24/16 22.58139 89.48972 -2.38 -2.44 
 
-2.01 -1.89 
Sundarbans TC 05/24/16 22.60250 89.48444 -2.37 -2.28 
 
-1.95 -1.84 
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Table 18.  Data calculated from deionized extracts analyzed by IC-TOC, ICP-MS, and ICP-OES (Blank=DI blank, 
DRP=dry rice paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel). Here CIB% refers to the percent charge 
imbalance. 
Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
BEMS-02 DRP 11/23/16 22.51725 89.59126 29.8 0.9 0.9 -2.5% 
BEMS-02 DRP 05/17/16 22.51712 89.59162 43.3 6.2 5.4 6.8% 
BEMS-03 RP 11/18/16 22.86901 89.30646 77.4 2.2 2.3 -2.1% 
BEMS-03 RP 11/18/16 22.84413 89.30349 39.7 2.4 2.3 0.2% 
BEMS-03 TC 11/18/16 22.87128 89.30406 55.9 63.4 64.4 -0.8% 
BEMS-03 DRP 05/19/16 22.84402 89.30351 30.4 2.7 2.3 8.1% 
BEMS-03 RP 05/19/16 22.86901 89.30646 67.9 3.6 4.1 -5.9% 
BEMS-03 TC 05/19/16 22.87128 89.30409 37.4 47.5 48.3 -0.8% 
BEMS-08 RP 11/17/16 22.71401 89.18405 71.8 2.8 2.9 -2.1% 
BEMS-08 RP 11/17/16 22.71133 89.17663 57.7 16.5 17.3 -2.4% 
BEMS-08 RP 11/17/16 22.71162 89.17565 126.8 13.4 15.5 -7.4% 
BEMS-08 TC 11/17/16 22.71157 89.17552 57.9 17.4 18.8 -3.8% 
BEMS-08 RP 11/15/16 22.74021 89.20746 76.8 2.1 2.1 -0.1% 
BEMS-08 RP 11/15/16 22.74018 89.20733 42.0 2.3 2.1 3.8% 
BEMS-08 RP 11/15/16 22.74040 89.20609 53.7 1.5 1.6 -3.8% 
BEMS-08 TC 11/15/16 22.74159 89.20595 52.6 2.2 2.2 0.7% 
BEMS-08 RP 05/19/16 22.73966 89.20790 62.2 2.8 2.4 8.5% 
BEMS-08 RP 05/19/16 22.74039 89.20609 54.0 1.7 1.8 -2.9% 
BEMS-08 DRP 05/18/16 22.71401 89.18405 78.4 5.2 4.5 6.6% 
BEMS-08 DRP 05/18/16 22.74020 89.20733 60.4 2.2 2.1 4.5% 
BEMS-08 RP 05/18/16 22.71134 89.17664 113.2 5.3 4.6 7.2% 
BEMS-08 RP 05/18/16 22.71162 89.17565 25.3 32.2 35.8 -5.3% 
BEMS-08 TC 05/18/16 22.71156 89.17551 53.5 88.1 88.9 -0.4% 
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Site Sample 
Type 
Date Latitude Longitude HCO3 
(mg/L) 
SumCations 
(meq/L) 
SumAnions 
(meq/L) 
CIB% 
BEMS-08 TC 05/18/16 22.74154 89.20609 67.2 4.4 4.2 2.2% 
BEMS-09 RP 11/14/16 22.98825 89.48964 64.7 4.7 5.1 -4.6% 
BEMS-09 RP 11/14/16 22.98847 89.48891 37.5 7.1 7.2 -0.1% 
BEMS-09 TC 11/14/16 22.98785 89.48986 50.9 11.5 11.8 -1.6% 
BEMS-09 RP 11/13/16 22.98807 89.48575 54.1 2.2 2.3 -3.1% 
BEMS-09 RP 11/13/16 22.98869 89.48523 93.6 4.0 4.6 -6.0% 
BEMS-09 DRP 05/20/16 22.98812 89.48989 61.5 6.0 5.5 4.7% 
BEMS-09 DRP 05/20/16 22.98820 89.48922 37.4 7.7 7.5 1.3% 
BEMS-09 TC 05/20/16 22.98780 89.48970 43.2 10.7 10.4 1.7% 
BEMS-09 RP 05/15/16 22.98807 89.48574 62.1 6.0 5.6 3.6% 
BEMS-09 RP 05/15/16 22.98875 89.48512 67.3 7.4 6.8 4.8% 
SS-118 RP 11/21/16 22.43757 89.43554 13.8 13.0 15.0 -7.2% 
SS-118 TC 11/21/16 22.44272 89.43465 19.2 12.0 12.8 -3.3% 
SS-119 RP 11/21/16 22.43628 89.43864 41.2 7.2 7.5 -1.9% 
SS-123 RP 11/21/16 22.53799 89.18375 42.4 17.8 18.2 -1.0% 
SS-123 TC 11/21/16 22.53563 89.45116 85.4 8.2 9.7 -8.5% 
SS-112 RP 11/20/16 22.45825 89.46233 30.4 23.0 24.1 -2.3% 
SS-12 RP 11/20/16 22.50638 89.47340 61.7 8.8 10.3 -7.9% 
SS-15 RP 11/20/16 22.50305 89.37932 3.2 39.8 38.5 1.7% 
Sundarbans SS 11/20/16 22.45771 89.46807 62.7 4.0 4.7 -8.6% 
Sundarbans TC 11/20/16 22.45916 89.46772 70.9 2.9 3.0 -0.8% 
Sundarbans SS 05/24/16 22.58139 89.48972 52.7 39.6 39.4 0.2% 
Sundarbans TC 05/24/16 22.60250 89.48444 45.1 48.8 45.8 3.2% 
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Table 19.  Measurements obtained from lithium metaborate fusions analyzed by ICP-MS (Blank=DI blank, DRP=dry rice paddy, RP=rice 
paddy, SS=Sundarbans soil, TC=tidal channel). Concentrations are shown in log base 10 of concentration in parts per million. 
Site Sample 
Type 
Date Latitude Longitude Be V Cr Co Ni Mo Sb As Se Tl 
BEMS-02 DRP 5/17/2016 22.51712 89.59162 -1.70 -1.06 -1.17 -1.96 -1.11 -2.51 -3.37 -2.72 
 
-2.31 
BEMS-03 RP 5/19/2016 22.86901 89.30646 -1.54 -0.79 -1.00 -1.70 -1.24 -2.11 -3.06 -2.25 
 
-2.07 
BEMS-03 DRP 5/19/2016 22.84402 89.30351 -1.74 -0.83 -1.42 -2.18 -1.76 -2.66 -3.71 -3.07 -3.78 -2.16 
BEMS-03 TC 5/19/2016 22.87128 89.30409 -1.47 -0.79 -0.91 -1.66 -1.23 -2.37 -3.00 -2.51 -4.04 -2.17 
BEMS-08 DRP 5/18/2016 22.71401 89.18405 -1.53 -0.76 -0.95 -1.70 -1.27 -2.69 -3.06 -2.15 
 
-1.95 
BEMS-08 RP 5/18/2016 22.71134 89.17664 -1.48 -0.75 -0.94 -1.73 -0.94 -2.69 -3.14 -2.76 
 
-2.48 
BEMS-08 RP 5/18/2016 22.71162 89.17565 -1.50 -0.82 -0.98 -1.73 -1.29 -2.64 -3.34 -2.42 
 
-2.16 
BEMS-08 DRP 5/18/2016 22.74020 89.20733 -1.65 -1.00 -1.15 -1.99 -1.45 -2.54 -3.24 -2.62 
 
-2.23 
BEMS-08 RP 5/19/2016 22.74039 89.20609 -1.61 -0.86 -1.04 -1.85 -1.43 -2.45 -3.19 -2.59 
 
-2.25 
BEMS-08 TC 5/18/2016 22.71156 89.17551 -1.60 -0.76 -0.97 -1.74 -1.29 -2.66 -2.96 -2.44 
 
-2.11 
BEMS-08 TC 5/18/2016 22.71156 89.17551 -1.51 -0.80 -0.93 -1.73 -1.27 -2.61 -3.03 -2.61 
 
-2.45 
BEMS-08 TC 5/18/2016 22.74154 89.20609 -1.62 -0.96 -1.12 -1.90 -1.47 -2.56 -3.30 -2.54 
 
-2.21 
BEMS-09 RP 5/15/2016 22.98807 89.48574 -1.44 -0.71 -0.87 -1.66 -1.22 -1.90 -3.02 -2.69 
 
-2.24 
BEMS-09 RP 5/15/2016 22.98875 89.48512 -1.57 -0.82 -1.01 -1.79 -1.34 -2.29 -3.31 -2.77 
 
-2.81 
SS-01 SS 5/8/2013 22.60250 89.48444 -1.52 -1.36 -1.44 -1.77 -1.39 -2.72 -4.31 -2.89 
 
-2.13 
SS-112 DRP 5/7/2013 22.45827 89.46217 -1.37 -1.11 -0.99 -1.61 -1.21 -2.61 -3.36 -2.71 -4.16 -2.01 
SS-15 DRP 5/7/2013 22.50300 89.47941 -1.51 -0.91 -1.02 -1.82 -1.40 -2.03 -3.35 -2.42 
 
-1.95 
SS-119 DRP 5/8/2013 22.43639 89.43863 -1.36 -1.04 -0.95 -1.60 -1.19 -1.91 -4.14 -2.80 
 
-2.17 
BEMS-09 DRP 5/20/2016 22.98812 89.48989 -1.29 -0.54 -0.75 -1.48 -1.02 -2.18 -2.72 -1.89 -2.97 -1.49 
BEMS-09 DRP 5/20/2016 22.98820 89.48922 -1.35 -0.72 -0.90 -1.65 -1.22 -2.63 -2.57 -2.20 
 
-1.73 
STC-01 TC 5/24/2016 22.60250 89.48444 -1.46 -0.96 -1.09 -1.81 -1.42 -3.07 -3.41 -2.47 -3.29 -1.98 
BEMS-09 TC 5/20/2016 22.98780 89.48970 -1.43 -0.75 -0.90 -1.63 -1.18 -2.28 -3.85 -2.30 -2.83 -1.88 
SS-123 DRP 5/10/2013 22.53813 89.45039 -1.30 -0.92 -0.89 -1.56 -1.13 -2.00 -3.26 -2.35 -4.22 -1.98 
SS-12 DRP 5/7/2013 22.50682 89.47332 -1.36 -1.61 -1.21 -1.57 -1.16 -3.17 -4.37 -2.42 
 
-1.90 
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Site Sample 
Type 
Date Latitude Longitude Be V Cr Co Ni Mo Sb As Se Tl 
BEMS-02 DRP 11/23/2016 22.51725 89.59126 -1.60 -1.01 -1.03 -1.91 -1.52 -2.81 -3.34 -2.70 
 
-2.23 
BEMS-03 RP 11/18/2016 22.86901 89.30646 -1.61 -0.85 -1.06 -1.79 -1.29 -2.48 -3.08 -2.20 
 
-2.02 
BEMS-03 RP 11/18/2016 22.84413 89.30349 -1.53 -0.92 -1.00 -1.79 -1.37 -2.51 -3.16 -2.27 
 
-2.08 
BEMS-03 TC 11/18/2016 22.87128 89.30406 -1.49 -0.72 -0.92 -1.69 -1.22 -2.46 -3.09 -2.63 
 
-2.46 
BEMS-08 RP 11/17/2016 22.71401 89.18405 -1.51 -0.74 -0.94 -1.73 -1.29 -2.64 -3.01 -2.38 
 
-2.16 
BEMS-08 RP 11/17/2016 22.71162 89.17565 -1.48 -0.74 -0.94 -1.73 -1.29 -2.69 -3.04 -2.40 
 
-2.17 
BEMS-08 RP 11/15/2016 22.74021 89.20746 -1.63 -1.02 -1.11 -1.00 -1.27 -2.67 -3.21 -2.82 
 
-1.84 
BEMS-08 RP 11/15/2016 22.74040 89.20609 -1.59 -0.78 -1.00 -1.75 -1.29 -2.65 -3.18 -2.64 -4.95 -2.24 
BEMS-08 RP 11/15/2016 22.74040 89.20609 -1.62 -0.87 -1.04 -1.84 -1.42 -2.64 -3.14 -2.56 
 
-2.12 
BEMS-08 TC 11/15/2016 22.74159 89.20595 -1.74 -1.46 -1.41 -2.18 -1.66 -2.91 -3.65 -2.87 
 
-2.04 
BEMS-09 RP 11/13/2016 22.98807 89.48575 -1.45 -0.71 -0.89 -1.67 -1.23 -2.01 -2.73 -2.52 -3.83 -1.76 
BEMS-09 RP 11/13/2016 22.98869 89.48523 -1.45 -0.69 -0.86 -1.65 -1.19 -2.18 -3.03 -2.70 -3.56 -2.22 
BEMS-09 RP 11/14/2016 22.98825 89.48964 -1.41 -0.71 -0.90 -1.62 -1.16 -2.10 -3.17 -2.08 -3.11 -1.76 
BEMS-09 TC 11/14/2016 22.98785 89.48986 -1.49 -0.72 -0.91 -1.71 -1.25 -2.18 -3.21 -2.85 
 
-2.62 
SS-118 TC 11/21/2016 22.44272 89.43465 -1.46 -1.27 -1.20 -1.76 -1.39 -2.40 -4.46 -2.77 -3.24 -2.04 
SS-118 TC 11/21/2016 22.44272 89.43465 -1.59 -1.72 -1.47 -1.82 -1.47 -2.76 -4.53 -3.16 
 
-2.18 
SS-01 SS 11/20/2016 22.45771 89.46807 -1.36 -0.68 -0.72 -1.61 -1.19 -1.60 -3.12 -2.16 
 
-1.84 
SS-123 TC 11/21/2016 22.53563 89.45116 -1.46 -0.70 -0.84 -1.63 -1.19 -2.09 -3.08 -2.28 
 
-1.97 
SS-15 RP 11/20/2016 22.50305 89.37932 -1.37 -0.89 -0.82 -1.58 -1.09 -1.71 -3.90 -2.52 
 
-2.15 
SS-119 RP 11/21/2016 22.43628 89.43864 -1.46 -1.17 -0.98 -1.67 -1.24 -2.62 -4.16 -2.54 -3.21 -2.04 
SS-12 RP 11/20/2016 22.50638 89.47340 -1.43 -0.68 -0.87 -1.62 -1.20 -2.40 -3.19 -2.21 
 
-1.91 
SS-112 RP 11/20/2016 22.45825 89.46233 -1.32 -0.62 -0.80 -1.55 -1.12 -2.03 -3.26 -2.37 
 
-2.02 
SS-123 RP 11/21/2016 22.53563 89.45116 -1.32 -1.17 -0.97 -1.53 -1.12 -2.71 -4.35 -2.80 
 
-1.95 
STC-01 TC 11/20/2016 22.45916 89.46772 -1.35 -1.00 -0.89 -1.54 -1.09 -2.19 -3.56 -2.02 
 
-1.79 
SS-118 RP 11/21/2016 22.43757 89.43554 -1.34 -0.67 -1.02 -1.65 -1.18 -2.17 -3.41 -2.36 
 
-1.91 
BEMS-09 RP 11/14/2016 22.98847 89.48891 -1.50 -0.73 -0.92 -1.73 -1.27 -2.25 -3.06 -2.65 
 
-2.31 
Blank Blank 
   
-2.06 -1.95 -2.12 -3.37 -2.73 -2.32 -4.04 -3.43 -2.58 -3.21 
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Site Sample 
Type 
Date Latitude Longitude Be V Cr Co Ni Mo Sb As Se Tl 
GSP-2 Standard 
   
-1.68 -1.20 -1.55 -2.04 -1.65 -1.77 -3.51 -2.62 -2.82 -1.81 
AVG-2 Standard 
   
-1.55 -0.91 -1.69 -1.71 -1.62 -2.31 -3.95 -3.15 
 
-2.12 
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Table 20.  Measurements obtained from lithium metaborate fusions analyzed by ICP-OES (Blank=DI blank, DRP=dry 
rice paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel). Concentrations are shown in log base 10 of 
concentration in parts per million.  
Site Sample 
Type 
Date Latitude Longitude Al B Ba Ca Cu Fe K Li 
BEMS-02 DRP 5/17/2016 22.51712 89.59162 1.83 3.03 0.09 1.27 -1.66 1.51 1.64 2.79 
BEMS-03 RP 5/19/2016 22.86901 89.30646 2.05 3.19 0.35 1.85 -1.19 1.78 1.91 2.92 
BEMS-03 DRP 5/19/2016 22.84402 89.30351 2.05 3.19 0.32 0.96 -1.42 1.71 1.87 2.92 
BEMS-03 TC 5/19/2016 22.87128 89.30409 2.14 3.21 0.33 1.16 -1.17 1.79 1.97 2.94 
BEMS-08 DRP 5/18/2016 22.71401 89.18405 2.10 3.20 0.36 1.70 -1.20 1.82 1.93 2.93 
BEMS-08 RP 5/18/2016 22.71134 89.17664 2.10 3.18 0.36 1.38 -0.87 1.78 1.92 2.91 
BEMS-08 RP 5/18/2016 22.71162 89.17565 2.02 3.21 0.36 0.99 -1.20 1.45 1.97 2.94 
BEMS-08 DRP 5/18/2016 22.74020 89.20733 1.92 3.18 0.20 1.55 -1.60 1.56 1.77 2.91 
BEMS-08 RP 5/19/2016 22.74039 89.20609 2.02 3.19 0.28 1.53 -1.38 1.69 1.87 2.92 
BEMS-08 TC 5/18/2016 22.71156 89.17551 2.08 3.12 0.26 1.12 -1.15 1.77 1.87 2.86 
BEMS-08 TC 5/18/2016 22.71156 89.17551 2.13 3.20 0.37 1.46 -1.16 1.79 1.94 2.93 
BEMS-08 TC 5/18/2016 22.74154 89.20609 1.95 3.18 0.23 1.46 -1.48 1.63 1.84 2.92 
BEMS-09 RP 5/15/2016 22.98807 89.48574 2.16 3.22 0.41 1.05 -1.19 1.84 1.98 2.95 
BEMS-09 RP 5/15/2016 22.98875 89.48512 2.04 3.13 0.25 1.45 -1.26 1.74 1.86 2.87 
SS-01 SS 5/8/2013 22.60250 89.48444 1.81 3.24 -0.12 1.28 -1.33 1.34 1.73 3.14 
SS-112 DRP 5/7/2013 22.45827 89.46217 2.13 3.32 -0.02 1.06 -1.34 1.79 1.86 3.22 
SS-15 DRP 5/7/2013 22.50300 89.47941 2.04 3.30 -0.11 1.60 -1.51 1.70 1.66 3.19 
SS-119 DRP 5/8/2013 22.43639 89.43863 2.16 3.34 0.01 1.27 -1.16 1.76 1.86 3.25 
BEMS-09 DRP 5/20/2016 22.98812 89.48989 2.25 3.36 0.23 1.34 -0.92 2.06 1.83 2.77 
BEMS-09 DRP 5/20/2016 22.98820 89.48922 2.16 3.33 -0.03 1.18 -1.21 1.90 1.77 3.20 
STC-01 TC 5/24/2016 22.60250 89.48444 2.01 3.33 -0.18 1.39 -1.43 1.72 1.68 3.19 
BEMS-09 TC 5/20/2016 22.98780 89.48970 2.14 3.25 -0.02 1.22 -1.09 1.88 1.77 3.15 
SS-123 DRP 5/10/2013 22.53813 89.45039 2.23 3.31 0.03 1.31 -1.17 1.86 1.89 3.21 
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Site Sample 
Type 
Date Latitude Longitude Al B Ba Ca Cu Fe K Li 
SS-12 DRP 5/7/2013 22.50682 89.47332 2.02 3.31 0.03 1.37 -1.05 1.39 1.89 3.25 
BEMS-02 DRP 11/23/2016 22.51725 89.59126 1.95 3.22 0.23 1.49 -1.51 1.58 1.82 2.94 
BEMS-03 RP 11/18/2016 22.86901 89.30646 1.98 3.08 0.27 1.57 -1.28 1.70 1.78 2.83 
BEMS-03 RP 11/18/2016 22.84413 89.30349 2.05 3.20 0.32 0.98 -1.39 1.69 1.87 2.93 
BEMS-03 TC 11/18/2016 22.87128 89.30406 2.12 3.17 0.31 1.28 -1.16 1.82 1.93 2.91 
BEMS-08 RP 11/17/2016 22.71401 89.18405 2.12 3.19 0.34 0.98 -1.21 1.79 1.94 2.92 
BEMS-08 RP 11/17/2016 22.71162 89.17565 2.12 3.18 0.35 0.99 -1.23 1.79 1.94 2.91 
BEMS-08 RP 11/15/2016 22.74021 89.20746 1.94 3.20 0.21 1.55 -1.32 1.65 1.80 2.93 
BEMS-08 RP 11/15/2016 22.74040 89.20609 2.08 3.17 0.30 1.31 -1.15 1.78 1.91 2.90 
BEMS-08 RP 11/15/2016 22.74040 89.20609 2.02 3.17 0.28 1.52 -1.42 1.68 1.85 2.91 
BEMS-08 TC 11/15/2016 22.74159 89.20595 1.99 3.23 0.30 1.50 -1.21 1.56 1.93 2.95 
BEMS-09 RP 11/13/2016 22.98807 89.48575 2.15 3.20 0.41 1.08 -1.16 1.83 1.97 2.93 
BEMS-09 RP 11/13/2016 22.98869 89.48523 2.16 3.17 0.38 0.93 -1.11 1.85 1.94 2.91 
BEMS-09 RP 11/14/2016 22.98825 89.48964 2.17 3.28 -0.01 1.16 -1.12 1.93 1.80 3.17 
BEMS-09 TC 11/14/2016 22.98785 89.48986 2.12 3.20 0.36 1.38 -1.20 1.86 1.93 2.93 
SS-118 TC 11/21/2016 22.44272 89.43465 2.02 3.30 -0.10 1.48 -1.49 1.58 1.73 3.22 
SS-118 TC 11/21/2016 22.44272 89.43465 1.82 3.28 -0.13 1.45 -1.40 1.28 1.69 3.18 
SS-01 SS 11/20/2016 22.45771 89.46807 2.19 3.33 0.00 1.39 -1.12 1.98 1.83 3.23 
SS-123 TC 11/21/2016 22.53563 89.45116 2.17 3.29 -0.02 1.25 -1.29 1.92 1.80 3.19 
SS-15 RP 11/20/2016 22.50305 89.37932 2.20 3.30 0.00 1.14 -1.12 1.85 1.85 3.19 
SS-119 RP 11/21/2016 22.43628 89.43864 2.12 3.23 -0.08 1.00 -1.20 1.74 1.75 3.12 
SS-12 RP 11/20/2016 22.50638 89.47340 2.18 3.31 -0.01 1.33 -1.24 1.92 1.82 3.21 
SS-112 RP 11/20/2016 22.45825 89.46233 2.24 3.34 0.04 1.12 -1.18 1.98 1.89 3.24 
SS-123 RP 11/21/2016 22.53563 89.45116 2.15 3.31 0.04 1.25 -1.11 1.70 1.89 3.21 
STC-01 TC 11/20/2016 22.45916 89.46772 2.21 3.32 0.07 1.69 -1.06 1.92 1.83 3.22 
SS-118 RP 11/21/2016 22.43757 89.43554 2.21 3.30 -0.01 0.85 -1.12 1.93 1.85 3.20 
BEMS-09 RP 11/14/2016 22.98847 89.48891 2.11 3.15 0.36 1.06 -1.23 1.81 1.90 2.88 
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Site Sample 
Type 
Date Latitude Longitude Al B Ba Ca Cu Fe K Li 
Blank Blank 
   
-1.07 3.36 -2.17 -0.23 -2.14 -0.82 -0.39 3.27 
GSP-2 Standard 
   
2.03 3.21 0.29 1.23 -1.22 1.66 1.90 3.12 
AVG-2 Standard 
   
2.02 3.30 0.25 1.68 -1.13 1.80 1.71 3.20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
118 
 
Table 21.  Measurements obtained from lithium metaborate fusions analyzed by ICP-OES (Blank=DI blank, DRP=dry rice 
paddy, RP=rice paddy, SS=Sundarbans soil, TC=tidal channel). Concentrations are shown in log base 10 of concentration 
in parts per million.  
Site Sample 
Type 
Date Latitude Longitude Mg Mn Na P  S Si Sr Ti 
BEMS-02 DRP 5/17/2016 22.51712 89.59162 1.09 -0.20 1.11 -0.27 
 
2.54 -0.94 0.58 
BEMS-03 RP 5/19/2016 22.86901 89.30646 1.38 0.06 1.09 -0.14 -0.18 2.60 -0.73 0.70 
BEMS-03 DRP 5/19/2016 22.84402 89.30351 1.20 -0.18 1.22 0.03 
 
2.62 -0.83 0.60 
BEMS-03 TC 5/19/2016 22.87128 89.30409 1.41 0.02 1.36 -0.07 -1.30 2.65 -0.82 0.74 
BEMS-08 DRP 5/18/2016 22.71401 89.18405 1.38 0.13 1.15 -0.10 -0.64 2.66 -0.73 0.72 
BEMS-08 RP 5/18/2016 22.71134 89.17664 1.32 -0.15 1.21 0.06 
 
2.67 -0.74 0.73 
BEMS-08 RP 5/18/2016 22.71162 89.17565 1.34 -0.16 1.36 -0.57 
 
2.55 -0.82 0.30 
BEMS-08 DRP 5/18/2016 22.74020 89.20733 1.17 -0.23 1.29 -0.04 -1.81 2.72 -0.74 0.67 
BEMS-08 RP 5/19/2016 22.74039 89.20609 1.27 -0.15 1.23 0.00 -1.34 2.69 -0.75 0.73 
BEMS-08 TC 5/18/2016 22.71156 89.17551 1.32 -0.06 1.24 -0.08 
 
2.59 -0.90 0.76 
BEMS-08 TC 5/18/2016 22.71156 89.17551 1.35 -0.06 1.23 -0.10 -1.12 2.66 -0.72 0.72 
BEMS-08 TC 5/18/2016 22.74154 89.20609 1.23 -0.02 1.26 -0.13 -1.07 2.67 -0.79 0.62 
BEMS-09 RP 5/15/2016 22.98807 89.48574 1.36 -0.12 1.19 -0.05 
 
2.69 -0.84 0.77 
BEMS-09 RP 5/15/2016 22.98875 89.48512 1.27 -0.13 1.33 -0.17 -1.03 2.59 -0.69 0.65 
SS-01 SS 5/8/2013 22.60250 89.48444 1.32 -0.08 1.37 -0.71 -0.21 2.17 -0.75 -0.02 
SS-112 DRP 5/7/2013 22.45827 89.46217 1.41 -0.02 1.36 -0.31 -0.49 2.51 -0.72 0.46 
SS-15 DRP 5/7/2013 22.50300 89.47941 1.27 -0.12 1.32 0.15 -0.28 2.80 -0.60 0.83 
SS-119 DRP 5/8/2013 22.43639 89.43863 1.46 0.10 1.59 -0.37 -0.26 2.61 -0.66 0.40 
BEMS-09 DRP 5/20/2016 22.98812 89.48989 1.51 0.15 1.17 0.23 -0.47 2.80 -0.66 1.07 
BEMS-09 DRP 5/20/2016 22.98820 89.48922 1.35 -0.04 1.18 0.10 -0.38 2.70 -0.79 0.87 
STC-01 TC 5/24/2016 22.60250 89.48444 1.28 -0.03 1.40 -0.08 0.02 2.56 -0.70 0.60 
BEMS-09 TC 5/20/2016 22.98780 89.48970 1.38 -0.08 1.29 0.02 -0.51 2.61 -0.75 0.82 
SS-123 DRP 5/10/2013 22.53813 89.45039 1.48 0.16 1.24 -0.18 -0.89 2.71 -0.71 0.65 
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Site Sample 
Type 
Date Latitude Longitude Mg Mn Na P  S Si Sr Ti 
SS-12 DRP 5/7/2013 22.50682 89.47332 1.48 0.13 1.42 -0.94 0.02 2.22 -0.62 -0.25 
BEMS-02 DRP 11/23/2016 22.51725 89.59126 1.19 -0.06 1.36 -0.13 -0.74 2.78 -0.72 0.63 
BEMS-03 RP 11/18/2016 22.86901 89.30646 1.28 0.11 0.96 -0.23 -0.56 2.51 -0.84 0.66 
BEMS-03 RP 11/18/2016 22.84413 89.30349 1.21 -0.22 1.22 -0.03 
 
2.71 -0.84 0.68 
BEMS-03 TC 11/18/2016 22.87128 89.30406 1.40 0.00 1.37 0.02 
 
2.64 -0.80 0.78 
BEMS-08 RP 11/17/2016 22.71401 89.18405 1.32 -0.17 1.21 -0.15 
 
2.67 -0.84 0.75 
BEMS-08 RP 11/17/2016 22.71162 89.17565 1.32 -0.16 1.21 -0.14 
 
2.67 -0.83 0.77 
BEMS-08 RP 11/15/2016 22.74021 89.20746 1.20 -0.22 1.31 -0.12 -1.26 2.72 -0.73 0.60 
BEMS-08 RP 11/15/2016 22.74040 89.20609 1.31 -0.10 1.21 -0.12 -0.93 2.64 -0.73 0.69 
BEMS-08 RP 11/15/2016 22.74040 89.20609 1.27 -0.17 1.21 -0.03 -1.37 2.68 -0.77 0.69 
BEMS-08 TC 11/15/2016 22.74159 89.20595 1.32 0.06 1.31 -0.88 -1.45 2.60 -0.74 0.13 
BEMS-09 RP 11/13/2016 22.98807 89.48575 1.35 -0.13 1.13 0.00 
 
2.68 -0.84 0.79 
BEMS-09 RP 11/13/2016 22.98869 89.48523 1.33 -0.20 1.01 -0.03 
 
2.64 -0.91 0.79 
BEMS-09 RP 11/14/2016 22.98825 89.48964 1.40 0.00 1.11 -0.02 -0.47 2.67 -0.80 0.80 
BEMS-09 TC 11/14/2016 22.98785 89.48986 1.34 0.20 1.23 -0.14 -3.05 2.71 -0.78 0.76 
SS-118 TC 11/21/2016 22.44272 89.43465 1.32 0.02 1.38 -0.34 0.17 2.26 -0.63 0.23 
SS-118 TC 11/21/2016 22.44272 89.43465 1.28 -0.04 1.34 -0.30 -0.09 2.05 -0.67 -0.15 
SS-01 SS 11/20/2016 22.45771 89.46807 1.42 0.14 1.33 0.21 0.03 2.82 -0.62 0.98 
SS-123 TC 11/21/2016 22.53563 89.45116 1.39 0.06 1.27 0.16 -0.14 2.76 -0.71 0.95 
SS-15 RP 11/20/2016 22.50305 89.37932 1.44 0.13 1.29 -0.27 -0.32 2.66 -0.74 0.58 
SS-119 RP 11/21/2016 22.43628 89.43864 1.34 -0.12 1.24 -0.59 -0.41 2.60 -0.78 0.32 
SS-12 RP 11/20/2016 22.50638 89.47340 1.40 0.05 1.30 0.10 -0.25 2.80 -0.68 0.96 
SS-112 RP 11/20/2016 22.45825 89.46233 1.44 0.24 1.34 0.24 -0.35 2.80 -0.64 0.96 
SS-123 RP 11/21/2016 22.53563 89.45116 1.48 0.15 1.24 -0.83 -0.78 2.35 -0.70 0.27 
STC-01 TC 11/20/2016 22.45916 89.46772 1.47 0.25 1.10 -0.28 -0.45 2.68 -0.65 0.44 
SS-118 RP 11/21/2016 22.43757 89.43554 1.39 -0.21 1.30 0.06 -0.85 2.67 -0.69 0.81 
BEMS-09 RP 11/14/2016 22.98847 89.48891 1.32 0.00 1.09 -0.05 
 
2.64 -0.89 0.78 
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Site Sample 
Type 
Date Latitude Longitude Mg Mn Na P  S Si Sr Ti 
Blank Blank 
   
-0.93 -2.35 -0.15 -0.68 0.00 -0.32 
 
-1.64 
GSP-2 Standard 
   
0.86 -0.34 1.54 0.27 -0.03 2.68 -0.38 0.64 
AVG-2 Standard 
   
1.19 0.08 1.79 -0.24 0.13 2.48 0.10 0.40 
 
 
 
 
 
 
 
 
 
 
 
